Evaluating Productivity, Nesting Success, and Conservation of Thick -Billed Parrots. by Monterrubio rico, Tiberio Cesar
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
2000
Evaluating Productivity, Nesting Success, and
Conservation of Thick -Billed Parrots.
Tiberio Cesar Monterrubio rico
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Monterrubio rico, Tiberio Cesar, "Evaluating Productivity, Nesting Success, and Conservation of Thick -Billed Parrots." (2000). LSU
Historical Dissertations and Theses. 7288.
https://digitalcommons.lsu.edu/gradschool_disstheses/7288
INFORMATION TO USERS
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer.
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bieedthrough, substandard margins, and improper 
alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand comer and continuing 
from left to right in equal sections with small overlaps.
Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6” x 9" black and white 
photographic prints are available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly to order.
Bell & Howell Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
EVALUATING PRODUCTIVITY, NESTING SUCCESS, 
AND CONSERVATION 
OF THICK-BILLED PARROTS
A Dissertation
Submitted to the Graduate Faculty o f the 
Louisiana State University and 
Agricultural and Mechanical College 
In partial fulfillment of the 
requirements for the degree of 
Doctor o f Philosophy
in
The School o f Forestry, Wildlife and Fisheries
b yTiberio Cesar Monterrubio 
B.S., Universidad Autonoma Metropolitana Mexico City 1995
August 2000
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number 9984356
UMI*
UMI Microform9984356 
Copyright 2000 by Bell & Howell Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code.
Bell & Howell Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ACKNOWLEDGMENTS
My Ph. D. program and this research of the Thick-billed Parrot would not 
have been possible without assistance and cooperation from a wide range o f people 
and Institutions. I appreciate the help and advise of my graduate committee: Dr. 
Robert B. Hamilton, my major professor who guided me through difficult times of 
study. Dr. Ernesto Enkerlin Hoefflich and Claudia Macias from the Monterrey 
Institute o f Technology Mexico (ITESM) who gave me his enormous trust and 
patience in the field research. Dr. L. R. Lammote, professor o f the department of 
Experimental Statistics who helped me many times in the accurate analysis of data. 
Dr. Wylie Barrow from the National Wetlands Research Center in Lafayette and 
adjunct member o f the School of Forestry, Wildlife and Fisheries for encourage me 
in my wishes to do my research oriented toward Conservation in Mexico. Dr. 
William J.Platt and Dr. Anthony Lewis who were very supportive.
Financial support was generously provided by several agencies and 
organizations. Conabio (Mexican Commission for Biodiversity Research) partially 
funded a research oriented to increase our knowledge on the Rhynchopsitta parrot 
species. The U. S. Fish and Wildlife Service and Wildlife Preservation Trust 
(WPTI) provided economic support during the study. I am very grateful to 
CONACYT Mexico for a scholarship granted (92981) for graduate studies at 
Louisiana State University . I want to thank the School o f Forestry, Wildlife, and 
Fisheries at Louisiana State University and the International Services Office. I want 
to thank the Graduate School for the Tuition waivers awarded at different times 
during my studies at LSU.
ii
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Thanks also to field workers and students: Javier Cruz, Diana Venegas, 
Emilio Rojas, Ali Taylor and Bemabe Rascon. I am specially grateful to Miguel 
Angel Cruz who started the exploratory research in 1995-96 and shared his 
knowledge and data from his 2 nesting seasons. A special dedication and thanks to 
my family who always expressed their support under any circumstance. To my 
mother Alicia, my brother Jorge and my sister Lourdes, and my girlfriend Claudia 
Morales. Thanks.
iii
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE OF CONTENTS
ACKNOWLEDGMENTS...................................................................................................... ii
LIST OF TABLES.................................................................................................................vi
LIST OF FIGURES............................................................................................................. viii
ABSTRACT........................................................................................................................... ix
INTRODUCTION....................................................................................................................1
Background.......................................................................................................................1
Species Description........................................................................................................ 2
Distribution...................................................................................................................... 3
D iet................................................................................................................................... 4
Migration......................................................................................................................... 4
Related Research.............................................................................................................5
Purpose.............................................................................................................................6
OBJECTIVES...........................................................................................................................7
METHODS...............................................................................................................................8
Survey o f Historical and Potential Breeding Areas......................................................8
Study A reas..................................................................................................................... 8
Description of Study A reas..........................................................................................10
Mesa de Guacamayas................................................................................................ 10
Madera......................................................................................................................... 10
Cebadillas....................................................................................................................11
Vallecillo.....................................................................................................................12
San Juanito...................................................................................................................13
Research Chronology.....................................................................................................13
Nesting Trees and Habitat Measurements...................................................................15
Statistical Methods........................................................................................................17
CHAPTER I THICK-BILLED PARROT BREEDING SURVEY...................................18
Breeding Survey in Historical Areas...........................................................................18
Breeding Survey in Potential A reas............................................................................18
Results of Breeding Survey..........................................................................................19
Nest Site Losses.............................................................................................................21
Nesting Chronology...................................................................................................... 23
CHAPTER II PRODUCTIVITY AND NESTING SUCCESS
OF THICK-BILLED PARROT...................................................................................25
Productivity and Success by Y ear...............................................................................25
iv
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Productivity and Success by Area...............................................................................27
Productivity and Success in Cebadillas.......................................................................31
Productivity and Success in Cebadillas
without Piceas Nests..................................................................................................... 32
Success and Performance by Clutch Size................................................................... 33
Nest, Chick and Egg Losses........................................................................................ 34
CHAPTER III NESTING TREES AND HABITAT CHARACTERISTICS................. 37
Nest Characteristics...................................................................................................... 37
Social Behavior and Nesting....................................................................................... 44
Habitat Characteristics..................................................................................................45
Characteristics of Trees Available...............................................................................47
Characteristics of Snags Available..............................................................................50
DISCUSSION........................................................................................................................ 52
Activity in Nesting A reas.............................................................................................52
Productivity and Success by Year...............................................................................56
Productivity and Success by Area...............................................................................59
Productivity and Success by Clutch Size................................................................... 60
Characteristics of Nesting Trees and Habitat............................................................. 61
Limiting Factors............................................................................................................67
Imminent Threats for Thick-billed Parrot.................................................................. 68
Recommendations.........................................................................................................69
Concluding Remarks.................................................................................................... 72
LITERATURE CITED..........................................................................................................73
APPENDIX: SUMMARY DATA ON THE NESTING ACTIVITY
BY AREA AND YEAR........................................................................................................77
1 Summary of the Nesting Activity at San Juanito, by Year..........................................78
2 Summary of the Nesting Activity at Cebadillas, by Y ear...........................................79
3 Summary of the Nesting Activity at Piceas, by Year...................................................80
4 Summary of the Nesting Activity at Vallecillo, by Y ear............................................ 8 1
5 Summary of the Nesting Activity at Mesa de Guacamayas, by Year........................82
6 Summary of the Nesting Activity at Madera, by Year................................................ 83
VITA....................................................................................................................................... 84
v
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF TABLES
1. Nesting activity at six nesting areas
during the study...............................................................................................................19
2. Mean number o f eggs, hatchlings and
fledglings, by year........................................................................................................... 25
3. Percentages of nesting, hatching
and fledging success, by year.........................................................................................27
4. Number of successful nests,
eggs, and chicks, by year (D F=4).................................................................................27
5. Mean number o f eggs, hatchlings and
fledglings, by area............................................................................................................28
6. Percentages of nesting, hatching and fledging
success, by area................................................................................................................29
7. Number of successful nests, eggs and chicks,
by area (DF= 5 ) ...............................................................................................................30
8. Mean number o f eggs, hatchlings, and fledglings,
in Cebadillas and Piceas, by year..................................................................................31
9. Percentages of nesting, hatching, and fledging success
in Cebadillas and Piceas (DF= 3) by year ...................................................................32
10. Mean number o f eggs, hatchlings, and fledglings, in
Cebadillas, by year......................................................................................................... 33
11. Percentages of nesting, hatching,
and fledging success in Cebadillas (DF= 3), by year................................................. 33
12. Productivity and success
by clutch size...................................................................................................................34
13. Causes o f total failure of
Thick-billed Parrot nests, by year..................................................................................35
14. Losses of eggs and chicks in successful nests
by year............................................................................................................................. 36
15. Chick losses by week (Roman numbers) by year.........................................................36
vi
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
16. Average dbh o f nesting trees and snags
in centimeters...................................................................................................................37
17. Average dbh and range o f nests and percentages
by species.........................................................................................................................39
18. Heights of nesting trees and cavities,
by species.........................................................................................................................39
19. Orientation o f nesting trees and
cavities.............................................................................................................................40
20. Percentages of nesting trees
by condition and size category..................................................................................... 41
21. Number, percentage, condition and dbh
o f nesting trees, by area................................................................................................. 42
22. Number of nesting trees at each locality
by size category.............................................................................................................. 43
23. Tree species used for nesting, by locality................................................................... 44
24. Average distances (in meters) o f closest nests, by locality....................................... 45
25. Habitat variables by a rea .............................................................................................. 46
26. Basal area of tree species in m2/ha by a rea ................................................................ 47
27. Average dbh of tree species used and
available, by area.............................................................................................................48
28. Density of trees/ha and their dbh by area and size categories ................................. 49
vii
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF FIGURES
1. Distribution of the Thick-billed Parrot
in the Sierra Madre Occidental. Dark shaded 
area represent the historical breeding range.
Light shaded area represent the historical wintering range.......................................... 3
2. Thick-billed parrot breeding areas and number of nests found. Shaded 
areas indicate areas above 2100 m in elevation. Dark shading
indicates historical and potential areas intensively searched for nests........................ 9
3. Location and elevation range o f nest sites found 
in the main breeding area o f Cebadillas
Map scale 1:50 000 ENEGI, contour interval is 100 m................................................22
4. Percentages of nests that produced young, by year.................................................... 26
5. Percentages of Thick-billed Parrot hatchlings that fledged, by year........................ 28
6. Percentages of successful nests of Thick-billed Parrot, by area.................................30
7. Percentages o f nesting trees by size categories.......................................................... 41
8. Percentages of live trees > 40 cm dbh
used and available per size categories..........................................................................49
9 Percentages of snags > 40 cm dbh.
used and available by size categories...........................................................................51
viii
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ABSTRACT
I studied the breeding activity, productivity and nesting success o f the Thick­
billed Parrot (Rhynchopsitta pachyrhyncha) during a 3-year period 1997-1999, and 
also analyzed preliminary data from 1995 and 1996. I studied the Parrots in six 
nesting areas located in the Sierra Madre Occidental in Mexico. Data were 
collected on breeding areas characteristics, nest site characteristics, reproductive 
activity, productivity, and nesting success. Most o f the historical breeding range 
reported in the literature was searched for nests. Two main breeding areas reported 
in the literature continue to be the major breeding strongholds for the species. 
Cebadillas and Madera accounted for 56% and 18% of the nests respectively.
I assessed reproductive success of 123 accessible nests. Overall, 81.3% of 
the nests were successful. O f 337 eggs followed, 268 hatched (79.5%) and 200 
chicks fledged (74.6%). In the 5-year period, clutches averaged 2.73 and 1.62 
young parrots fledged/nest. Except 1999, nesting success and fledging success were 
high with rates above 80%. Causes o f total nest loss included: nest desertion, 
mammal predation, and parasite infestation. During the study, nests were found in 
187 trees and snags o f seven tree species. Nests occurred preponderantly in snags 
(58.8%). Nests averaged 75.2 cm diameter at breast height (dbh), and only 2 nests 
out of the total o f 187 were in trees under 40 cm. dbh. Most nests occurred in 
Douglas fir (32.6%), and Mexican white pine (21.9%). Most nests occurred in areas 
with high densities of large trees and snags > 60 cm (dbh). Nesting persisted in 
areas under commercial harvest, but trees and snags used for nesting were 
frequently logged and many nest sites were lost.
ix
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Decline o f the species seems to be related to large-scale logging o f historical 
breeding and wintering range. Timber harvesting affects nest site availability in 
breeding areas and food supply in breeding and wintering areas. Life history traits 
o f the species seem to enable the parrots to cope with cyclic and sometimes 
unpredictable food supply. High reproductive performance seems to occur in years 
with evidence o f abundant food supply.
x
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INTRODUCTION
Background
The Thick Billed Parrot {Rhynchopsitta pachyrhyncha) is listed in appendix I 
of CITES and is considered threatened by Birdlife International (Juniper and Parr 
1998). Stotz et al. (1996) listed the species as highly vulnerable to human disturbance 
and considered it to be a research priority because of its poorly known life history and 
its limited geographic range. The Thick-billed Parrot is one o f the two species in the 
genus Rhynchopsitta. Formerly it has been treated as conspecific with the Maroon- 
ffonted Parrot {Rhynchopsitta terrisi), the other member o f the genus, which inhabits 
the Sierra Madre Oriental (Forshaw 1989). The two species evidently shared recent 
common ancestry; but allospecies consideration is appropriate because of size, 
plumage and behavioral differences (Juniper and Parr 1998). Although Neotropical 
parrots are commonly kept in captivity and wild birds are harvested annually for the 
pet trade (including Thick-billed Parrot), very little is known about reproductive 
success o f most species in the wild (Beissinger and Bucher 1992). In Mexico, several 
psittacines such as the two species of the genus Ara {Ara macao and Ara militaris) and 
Rhynchopsitta {Rhynchopsitta pachyrhyncha and Rhynchopsitta terrisi) and several 
Amazona species (Beissinger and Snyder 1992, Juniper and Parr 1998) face the threat 
of local extinction. Few studies have been made in Mexico to monitor numerical 
trends, range, reproductive parameters and habitat requirements o f the endangered 
parrot species. In the case o f the Thick-billed Parrot, a decline o f the species 
throughout its range is a consensus (Snyder et al.1999).
1
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Large-scale commercial logging of large pines and snags has affected food 
supply and nest site availability along the distribution range o f the species; this seems 
to be the ultimate reason o f the decline. In addition, none o f the Thick-billed Parrot 
breeding grounds are in a protected area.
Most parrots live in tropical habitats at low elevation, are sedentary or short 
distance migrants, and are territorial (Juniper and Parr 1998). On the other hand 
Thick-billed Parrots live in temperate forests at high elevations, are migratory, are no­
madic in winter to seek food, are specialists on a single food resource (conifer seeds), 
and are social at all seasons.
Species Description
The Thick-billed Parrot is a medium-size parrot that averages 38 cm in length 
and with its long and pointed tail and wings has a body form similar to a small macaw 
(falcon like shape). Forshaw (1989) considered the Rhynchopsitta genus to be related 
to the macaws because the body form is similar and the naked skin patch around the 
eyes in thick-bills resemble the naked skin patches in some macaw species. Thick-bill 
males and females are alike in coloration; adults are bright green and possess a yellow 
stripe on the under-wing coverts. Their superciliary, forehead, and “shoulders” are red 
(Juniper and Parr 1998). The life span of the species exceeds 30 years in captivity 
(Snyder N.. pers. comm.), but life span in the wild is unknown. No information exist 
on survival rates o f the different age groups in the wild (Forshaw 1989, Snyder et al. 
1994). Adults are easily differentiated from juveniles that lack the red superciliary and 
“shoulders”; the bill coloration of inmatures is flesh that darkens with time and in 
adults it is black.
2
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The Thick-billed Parrot is partially sympatric with two other medium size, 
green psittacines (Ara militaris and Amazona finschi). When ranges overlap, espe­
cially in the winter and in low elevation mountains o f the west side o f the Sierra Ma- 
dre, confusion arises with identification of the parrots among the local people (Cruz- 
Nieto 1998).
30 N -
Sierra Madre 
Occidental
26 N -
Mexico
Pacific
Ocean200 km
106*W 102 W
Figure 1. Distribution of the Thick-billed parrot in the Sierra Madre Occidental. Dark 
shaded area represents the historical breeding range. Light shaded area represents the 
historical wintering range.
Distribution
The breeding range is presently limited to the states o f Chihuahua and Du­
rango. During the non-breeding season (late November to April), the species is 
reported to occur in the south-central portions of the Sierra Madre Occidental, in the 
states o f Jalisco, Michoacan, Nayarit, and Colima (Fig 1) (Juniper and Parr 1998)
3
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The forests above 2000 m are the forests where all thick-bill nesting has been 
documented, both historically (Lanning and Shiftlet 1983) and in recent times (Cruz- 
Nieto 1998). The consensus is that the historic reports o f this species in southwestern 
New Mexico and southeastern Arizona are the results o f sporadic visits from Mexico 
(Wetmore 1931, Phillips et al. 1964); there are no historical breeding records in the 
U.S.
Diet
Thick-billed parrot diet in the wild in Mexico is primarily seeds o f several pine 
species, especially Mexican white pine (Pinus ayacahuite), Durango pine {Pinus du- 
rangesnsis), Arizona pine {Pinus arizonica), and Lumhollz pine {Pinus lumholtzi). 
Acorns stored in Acorn Woodpecker {Melanerpes formicivorus) granaries also are part 
of the diet. Diet in the United States reported by Snyder et al. (1994) was composed 
primarily on Pinus discolor, Pinus ponderosa, and Pseudotsuga menziessi. Acorns 
from Quercus emoryi and juniper berries {Juniperus deppeana) were also mentioned. 
When foraging, Thick-billed parrot form small flocks.
Migration
The Thick-billed Parrot unlike most psittacines migrates relatively long dis­
tances; the local people in Chihuahua and Northwestern Durango reported that most 
parrots leave the nesting areas in late October or early November. No thick-bills have 
been reported nesting in the central states o f Jalisco, Michoacan, Nayarit and Colima, 
although they have been reported there in the winter (Schnell et al.1974, Lammertink 
et al. 1996).
4
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The only observations in the southern portion of the range are from winter and 
early spring. During the winter, the species is nomadic, which seems to be influenced 
by the variable availability of pine seed (Snyder et al 1994).
Related Research
Ecological research in the wild on the species has been limited to a reproduc­
tive study in the forests of Chihuahua and Durango in northwestern Mexico (Lanning 
and Shiftlet, 1983). A research team trying to find the Imperial Woodpecker 
(Campephilus imperialis) provided information about thick-bills that included de­
scription o f potential breeding areas. (Lammertink et al.1996). They estimated that 
only 1% o f the conifer forests of the Sierra Madre Occidental has escaped logging, and 
that areas under commercial harvest have few snags that are big enough for parrot 
nesting. Ongoing, large-scale lumbering activities in the Sierra Madre Occidental af­
fect the potential parrot breeding grounds by reducing nest site availability; it also 
probably changes pine seed production and availability along the sierra. Dependency 
on almost a single resource (Pine seeds) makes the Thick-billed Parrot very vulnerable 
to habitat degradation and transformation. Specialist species such as the Thick-billed 
Parrot are considered particularly vulnerable to extinction (Gill 1994).
Actual forestry practices in the Sierra Madre involve the logging of pines over 
40-cm dbh (diameter at breast height) and the removal of standing dead wood as 
“sanitation procedures”. Areas logged only once still have large non-commercial trees 
and some seed trees. The large uncut Abies and Pseudotsuga that remain are potential 
nest sites in these forests (Lammertink et al. 1996). More severely degraded are the 
areas that have been cut several times, and those areas now consist o f forests with no
5
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pines larger than 40 cm dbh. In most areas some logging takes place every 10 to 16 
years to remove the largest pines available (Lammertink et al. 1996). This procedure 
removes most potential nest sites and leave only young pine trees with low probabili­
ties of parrot recruitment (Monson 1965). The harvesting o f up to 70% of standing 
snags is allowed; usually the snags come from accessible mesas (Lammertink et al. 
1996). Benkman (1993) found that as age and area of conifer forests decrease, pine 
seed production declines; this negatively affects pine-seed feeding birds. There are no 
studies of the food supply and how it is affected by current timber harvesting practices. 
Whether logging activities causes loss of food supply and affects the parrots as does 
logging-caused nest site decline (Lanning and Shiftlet 1983) is still unknown. Because 
of current forestry practices, nest site availability and food supply are probably reduced 
in breeding and wintering parrot areas. Proximal factors that affect parrot demography 
are the proportion o f the population nesting, predation rates or survival in the post- 
fledging stages (Beissinger and Snyder 1992) and some o f those factors are still un­
known for the Thick-billed Parrot.
Purpose
To preserve the species, it is necessary to learn critical information about its 
ecological requirements. This includes detecting important nesting areas, monitoring 
breeding activity and performance as well as analyzing habitat features in parrot nest­
ing localities. Nest sites (Snags and Live trees) are important structural elements of 
the breeding areas that need to be analyzed. Once these requirements are known, rec­
ommendations can be made for appropriate management o f the remaining nesting 
grounds and the future restoration o f heavily logged breeding areas.
6
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OBJECTIVES
My specific objectives were to:
1 Survey breeding activity in major known nesting areas and verify potential areas.
2.- Evaluate Thick-billed Parrot nesting productivity and nesting success in 3 breed­
ing seasons (1997-1999); and compare them with data from 1995-96 (Cruz-Nieto 
1998) for the persisting major breeding localities which are in Chihuahua.
3.- Provide baseline information about breeding activity, abundance o f breeding pairs 
and flocks in known breeding areas.
4.- Analyze nest site selection and habitat requirements.
5.- Evaluate mortality and nest losses.
6.- Compare productivity and habitat characteristics among areas.
7
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METHODS 
Survey of Historical and Potential Breeding Areas
During the period 1995-1999, most of the known historical breeding range re­
ported in the literature (Lanning and Shiftlet 1983) was surveyed for breeding activity. 
Searches in historical and potential nesting areas were initiated in 1995-1996 by Cruz- 
Nieto (1998), and we continued in 1997-1999. Interviews with local people and for­
estry crews were made in the states of Durango, Chihuahua and Sonora. We searched 
the potential areas reported (Lammertink et al.1996) for breeding activity in Sierra 
Tabaco, state of Sonora, at a locality known as Pico de Guacamayas (30° 01” N 108° 
45” W) and for a locality in Durango known as “Las Bufas”(24° 21”N 106° 09”W). In 
addition, most of the historical areas and the major breeding areas reported in the 
eighties were re-checked for nesting activity.
Study Areas
All the study areas are located in the conifer forests o f the Sierra Madre Occi­
dental, Mexico. The Sierra Madre Occidental is a range o f rugged mountains extend­
ing from northwest Chihuahua and Sonora to the central part o f Michoacan in Mexico 
(Fig. 1). The sierra is 100 to 200 km wide and 1200 km long and consists o f rugged 
terrain (Lanning and Shiftlet 1983). The study sites are located in the northwest and 
central portion of the state o f Chihuahua. High elevation conifer forests of the region 
consist o f Mexican white pine, Durango pine, Douglas fir, White fir and Quaking as­
pen (Lammertink et al. 1996 and Lanning and Shiftlet 1983). The characteristics o f 
these high elevation areas varies from plateau-like tops with open pine and fir forests 
to thick pine and fir stands in canyons and below high cliffs.
8
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During the Thick-billed Parrot breeding season (July-October) temperatures 
range from 5° to 25°C. During most of the summer and early autumn, it rains almost 
daily, usually the rain occur as afternoon thunderstorms. Average annual precipitation 
ranges from 400 to 1100 mm (Temosachi meteorological station).
T exasM esa de 
G uacam ayas 15
Sierra Tabaco
Madera 34
— 29* N Chihuahua
Cebadillas 82  
- P icea s  24
Vallecillo 11
an Juanito 23
Northwest 
Durango 3
Durango
Las Bufas
150 km
Pacific Ocean
106* W108 W
Figure 2. Thick-billed Parrot breeding areas and number o f nests found. Shaded areas 
indicate areas above 2100 m in elevation. Dark shading indicates historical and po­
tential areas intensively searched for nests.
9
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Description of Study Areas 
Mesa de Guacamayas
This is the northernmost breeding area of the species. Mesa de Guacamayas 
(30° 33’ N 108° 36’ W) was described as a parrot nesting area by Martjan Lammertink 
in 1996. The first year o f our study at this locality was 1997 and we continued in 1998 
and 1999.
The area is a high-elevation mesa forest approximately 50 km south o f the New 
Mexico border with Chihuahua (Fig.2). It is a partially degraded mature forest that 
still harbors substantial numbers o f large Douglas fir trees and “snags“. Stands o f P. 
durangensis, P. arizonica and P. ayacahuite are still present. Abies concolor and 
Populus tremuloides are present but less abundant. The approximate extent o f forest 
above 2100 m in Mesa de Guacamayas is 1601 ha. This nesting locality has the most 
difficult access of all areas. One third of the road to the summit passes through a can­
yon and during heavy rains it becomes impossible to travel by motor vehicles. This 
nesting area is located in the Janos municipality and is 65 km west o f Casa de Janos 
ranch by dirt road. Some sections of the area were heavily burned in 1994 and selec­
tive logging occurs at moderate levels. Logging has been affected by land disputes 
between private ranchers and Ejido 5 de Mayo ( Ejidos are community based land 
ownership).
Madera
Madera (29° 19’ N 108° 11’ W) was studied in 1983 by Lanning and Shiftlet, 
who found 13 active nests, the second largest concentration they found along the Si­
erra Madre.
10
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Our first year of study in Madera was 1998 and continued to 1999. This area is 
unique; aspen trees form almost pure stands where it dominates the bottom and the 
lower part of slopes. Other dominant trees are Douglas fir and Abies on north-facing 
slopes. Stands of medium-size trees, mostly aspen and Douglas fir, remain in the area. 
Selective logging occurs regularly in this area and illegal drug cultivation is frequent. 
This area is located 16 km north-west of Ejido Socorro Rivera by dirt road and is lo­
cated at Madera municipality; this ejido is only 11 km away from the City o f Madera, 
25 minutes by road (Fig 2). The approximate size o f the nesting area is 162.5 ha.
Cebadillas
Cebadillas (28° 37’ N 108° 14’ W) is the main breeding area described in 1983 
by Lanning and Shiftlet. They found 18 active nests and described this area as the 
largest reproductive stronghold o f the species. This is a high mesa forest in central- 
western Chihuahua. The area was lightly logged before 1979; after that, logging has 
been sporadic and at a small scale because o f boundary disputes among owners.
Patches o f mature and old growth trees, especially Douglas’s fir remain in the area. 
Bottoms have mixed conifer forests with high densities of Durangensis pine, Mexican 
white pine and Arizona pine. There is also a unique and relict forest stand with an 
endemic and endangered conifer, Picea chihuahuana. Habitat data from this unique 
area were analyzed separately due to the absence o f  major logging in the area because 
of the presence of Picea chihuahuana. The Picea forest (as I call it) is the best- 
preserved patch of forest where we have found nesting thick-bills. The area is a humid 
canyon surrounded by steep slopes to the east and west. The area of the no-logged 
pristine Piceas is approximately 317 ha.
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Productivity data from this unique area were analyzed separately in order to 
detect local difference’s that could be attributed to habitat type. Cebadillas is ap­
proximately 2112.5 ha. High densities of snags and large trees still remain in the area 
in pure stands or mixed patches of different conifer species. Some selective logging 
has occurred in some of these stands although it is illegal. In the areas where logging 
is not authorized, small fires are sometimes started by loggers in order to kill large 
pines, which can be harvested “legally” the following year as a sanitation procedure.
This area is located in Temosachi municipality, in central western Chihuahua 
(Fig 2). Land disputes here lasted for more than 20 years and have postponed logging. 
The controversy about ownership was resolved in 1999 and large-scale logging opera­
tions are expected to resume in 2001. This area has difficult access, but there are three 
different access routes. The primary route and the one most used by logging trucks is 
from the south, near Tomochic (75 km). From the east, access is from Matachic (118 
km). The third access route is from north Madera City, (103 km).
Vallecillo
The area known as Vallecillo (28° 30’N 108° 04’W) was described by Lanning 
and Shiftlet (1983). They found only two nests and mentioned that snags were scarce 
in the area because of heavy logging. However, some large trees and snags of non­
commercial tree species remain in the vicinity and several nesting pairs were found. 
This area, which is 40-km southeast of Cebadillas, was studied initially in 1996 (Cruz- 
Nieto 1998) and we sampled the area from 1997 to 1999. The size of the area where 
nests are located is approximately 300 ha. This breeding locality is 27-km northwest 
of the town of Tomochi.
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San Juanito
The breeding areas o f San Juanito are the Cebadillas de Ocampo hills and Ru­
in urachi mountain. These areas were not studied in the eighties, but Cruz-Nieto 
(1998) studied and described these areas in 1996. Forest patches surveyed in these 
high elevation mountains were approximately 600 ha. for Cebadillas de Ocampo hills 
(28° 07” N 107° 57” W) and 280 ha for Rumurachi mountain (N 27° 59 113° 24” W). 
The searches in the vicinity o f San Juanito included all elevations higher than 2100 m 
with patches of large trees and snags. Data from Rumurachi mountain (3 active nests 
in 1995 and only one in 1996-99) were analyzed with data from the Cebadillas de 
Ocampo nests due to their proximity and their sharing a long history of heavy logging. 
Both areas are characterized by legal and illegal timber harvesting activities. Standing 
dead trees are small and very scarce; remaining nesting pairs use small forest stands 
dominated by Douglas fir on north slopes. These areas are the most logged o f the ar­
eas where parrot nesting still occurs. Nesting parrots in these areas use the remaining 
emergent trees or snags surrounded by even-age young stands.
Research Chronology
I studied breeding activity, nesting success, and productivity of Thick-billed 
Parrots along the Sierra Madre from 1997 to 1999. Cruz-Nieto (1998) studied the par­
rots during 1995-96 and generously shared data of nest trees and clutches for the 
analysis. We collected snag and nesting habitat data in 1998-99. During 1995, ex­
ploratory work started in San Juanito and Creel, south o f latitude N 28° 30”. These 
areas have the longest history of logging activities and large patches of mature or old 
growth forests are absent (Lammertink et al 1996).
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However, these areas are readily accessible because there are no nearby drug 
plantations and dirt roads are in good condition. From 1996 to 1999 the major breed­
ing areas reported by Lanning and Shiftlet (1983) and by Lammertink et al. (1996) 
were searched for active nests.
The historical breeding areas o f Vallecillo and Cebadillas were studied from 
1996. Madera could not be studied in 96-97 due to intensive drug cultivation but was 
open to research in 1998 and 1999. Mesa de Guacamayas, a place not studied during 
the 80’s, was studied beginning in 1997. The nests located in San Juanito were stud­
ied after 1995.
Nests were found by daily searches during the pre-laying period early in June. 
During this time, parrot activity involves cavity examination, loud vocalizations, and 
frequent small flock movement at a local scale. Nests were found by following vo­
calizing pairs. Once a nest-tree was found, GPS readings o f its location were taken (A 
database was created with all coordinates and is housed at CONABIO- Mexican 
Biodiversity Agency) and the tree was tagged with flagging for a posteri recognition. 
All nests were plotted on 1:50,000 scale INEGI maps (National Institute o f Geography 
and Information, Mexico). Estimates o f surface area for the breeding localities were 
made from maps by overlaying dot grids on the areas where nests were located. The 
criteria used to evaluate area cover o f nesting areas were the presence o f large trees 
and snags in every locality within elevations o f the nests found. Nest-trees found in 
any breeding season were re-examined in subsequent seasons.
During the egg laying period; middle June to late July, we used climbing 
spikes, rappel rope and harnesses to determine nest content and activity status.
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Frequently, many nest cavities were only occupied early in the season. Some 
others cavities were only used as roosting places. In addition, not all nest-trees were 
suitable for active monitoring because they occurred in very deteriorated “snags” that 
were considered to be too dangerous to climb.
Accessible nests were examined weekly by climbing the tree and observing the 
cavity interior. Inaccessible trees were checked at least weekly by observation of 
nesting pair activity; after hatching we listened for chick calls. Parrot chicks produce 
loud vocalizations and are heard at short distances from the nesting trees. Post hatch­
ing monitoring occurred from late July to mid August; individual trees were checked 
when adults were absent for foraging. Recently hatched chicks were weighed. Eggs 
and chicks were color marked with non-toxic paint for later identification in 1997- 
1999. When chicks weighed at least 200 grams, numbered plastic rings were placed 
on their legs. We collected data on the following variables: clutch size, number of 
hatchlings and number of fledglings. We also recorded wing chord length and weight 
and collected crop samples. The analysis o f the data collected allowed us to evaluate 
success at different stages of the breeding cycle and to observe and compare reproduc­
tive potential among years and localities.
Nesting Trees and Habitat Measurements
For every nesting tree and snag found I measured the following variables:
1. -  Nesting tree category (live or snag) DBH (Diameter at breast height).
2. - Tree or snag species.
3. -  DBH (Diameter at breast height).
4. - Height of the nesting cavity from the ground.
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5. - Nesting tree slope orientation (N, NW, NE, S, SW, SE, E, W).
6. - Nesting cavity orientation (N, NW, NE, S, SW, SE, E, W).
7. - Nest elevation.
Every nesting tree or snag was also placed into one of three size categories 
based on its dbh (in cm): Category 1 > 80 cm; category 2 > 60 and < 79 cm; category 3 
> 40 and < 59 cm. In addition to measuring the dbh o f nesting trees, we used circular 
plots of 25-m radius (area 1963 m2/plot or approximately 1/5 of ha.) to measure all 
trees and snags > 16-cm dbh, by species. Although all tress larger than 16 cm dbh 
were measured, the analysis in this study was focused more on trees > 40 cm dbh. The 
circular plots were centered on nesting trees and snags. A total of 176 plots were 
measured: Cebadillas (80), Piceas (19), Madera (16), Mesa de Guacamayas (12), Val- 
lecillo (25), San Juanito (24). Additional random samples were originally considered 
within each breeding locality. But because of the danger due to intensive drug activity 
in five out of our six breeding localities and our limited resources in time and personal, 
I restricted our research to the areas where nests were located and access was safe. For 
security reasons, we limited our vegetation sampling to areas were the local residents 
knew we were studying the parrots. Most of the localities where parrots nest are small 
and the plots were relatively large 1/5 of ha.
The number of vegetation plots for each area differed mainly because each area 
had a different number o f nesting trees. In addition to measuring all trees and snags, 
we measured the percent of canopy closure with a spherical densiometer and deter­
mined slope angle with a clinometer in each plot.
16
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Basal areas were calculated for the different species and tree-size categories for 
each locality. The density o f trees and snags in each breeding area was estimated as 
well.
Statistical Methods
I used the non-parametric Kruskal-Wallis to determine if the reproductive pa­
rameters o f clutch size, number of hatchlings, and number o f fledglings varied among 
years and localities. Tukey-pairwise comparisons were made when significant differ­
ences existed (Conover 1980). We used single factor analysis of variance to examine 
and compare basal areas of trees. The Chi-square analysis (Goodness o f fit) was used 
to examine proportions o f successful nests, eggs and chicks among years, and areas. 
Goodness of fit tests were employed to compare the proportion of usage of live trees 
and snags between the 1983 studies reported by Lanning and Shiftlet and this study. 
Because of the status o f Thick-billed Parrot as an endangered species the significance 
criteria used (a-level) was 0.1.
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CHAPTER I 
THICK-BILLED PARROT BREEDING SURVEY 
Breeding Survey in Historical Areas
The confirmed breeding range lies between N 30° 39” in Northwest Chihuahua 
and N 25° 57” in northern Durango. Most o f  the historical breeding range and the 
known major nesting areas were searched for parrot nests, among the study by Cruz- 
Nieto (1998), the one by Lammertink et al. (1996) and our study. Active nests were 
described in the eighties for northwest Durango (Mohinora, Vacas, Camellones and 
Nevado) (Lanning and Shiftlet 1983). These areas were searched again by Cruz-Nieto 
(1998) with the help o f Jim Shiftlet (author o f  80’s study) and nests were not found 
because forest remanents were heavily logged and in some areas cleared or burned. 
However, some patches of relatively good forests near the historic site known as Co- 
cono (N 25° 57’ and W 106° 21’) in northwest Durango remain. Nesting activity in 
the vicinity o f Cocono was confirmed in 1998, when we found three nests with parrot 
chicks and observed a flock with at least 35 parrots. Three o f the major historical 
breeding areas reported in the 80’s continued to harbor nests and were studied for 
breeding activity and productivity (Madera, Cebadillas and Vallecillo) (Fig 2). 
Breeding Survey in Potential Areas
We searched the potential areas reported for breeding activity in Sonora’s Si­
erra Tabaco at a locality known as Pico de Guacamayas (30° 01” N 108° 45” W) and 
at a locality in Durango known as “Las Bufas”(24° 21” N 106° 09” W) (Fig 2). Sierra 
Tabaco was searched in 1998 without finding any nesting activity during 10 days of 
searching.
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We visited “Las Bufas” in 1997, and found parrot flocks several times in the 
breeding season. However no active nests were detected during 2 weeks o f searches in 
the area.
Results of Breeding Survey
During the study period, we found nest trees and reproductively active duck­
bills in different years and areas (Table 1). A total of 317 nesting pairs were found and 
studied. Of these. 284 (89%) based on observations of males feeding incubating fe­
males we assumed they reached the incubation stage.
Of this 284, we obtained accurate reproductive information for 123 clutches 
that were in trees that we could climb; we called these accessible nests.
Table 1. Nesting activity at six nesting areas during the study.__________________
Parameter Mesa4 Madera Cebadilla Piceas Vallecillo S Juanito
Years 97-99 98-99 96-99 96-99 96-99 95-99
Area (%)’ 65 75 80 80 100 80
Active pairs2 18 46 134 46 26 46
Active nests3 18 44 123 44 19 36
Nest trees 15 34 82 24 11 23
Destroyed nests 1 0 11 5 4 6
Largest flock 49 70 300 40 75 23
Proportion of the area covered by ground active search in each breeding locality.
2 Active pairs observed at the beginning of nesting seasons in specific nest site.
3 Active nests were those cavities in nesting trees reaching the incubation stage.
4 Mesa de Guacamayas
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The other 161 nests were located in trees too difficult and dangerous to climb. 
In these inaccessible nests we confirmed from chick vocalizations and feeding parents 
that 107 (66%) hatched young. Number of accessible and inaccessible nests varied 
among areas and years, for additional information about the nests -and nesting activ­
ity, see the appendix section.
In the 123 nests that were accessible, 23 were total failures and 100 were suc­
cessful. The largest breeding area in terms of size and number o f nests is Cebadillas. 
Eighty two nesting trees and snags, representing 43% of all nests were found at Ceba­
dillas (Fig 3).
In Cebadillas, 80% o f the area was intensively explored for nests; 54% of the 
nest studied were used only 1 year and 42% were used 2 or 3 years. Additional infor­
mation about the breeding survey in Cebadillas and the rest o f the breeding areas ap­
pears in appendices 1 to 6. The second largest concentration o f nests was found in 
Madera. In this area we studied 34 nesting trees that represented 18% o f all nests and 
44 breeding pairs were observed in 2 years of data gathering (1998-1999). More nests 
may be present in Madera because we explored only 75% of the suitable area. The 
Piceas forest, even though small, had a relatively high number o f nests. A total of 46 
different nesting pairs in 24 different nesting trees were observed and studied from 
1996 to 1999. Mesa de Guacamayas harbored a few but highly productive nesting 
pairs. In this area we studied 19 nesting pairs in 15 different nesting trees from 1997 
to 1999. In Vallecillo we found and studied 26 nesting pairs in 11 different nesting 
trees during the study. The area studied more years in this study was San Juanito.
20
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
In this area we observed and studied breeding activity o f 46 nesting pairs in 23 
different nesting trees from 1995 to 1999 (Table 1). The nests found in Northwest Du­
rango (Cocono) could not be followed. We could not explore and find all nests at each 
locality, because o f the lack of personal, the difficulties of the terrain, and the restric­
tion o f safe movement because o f presence o f drug plantations. Not all the localities 
were surveyed every year. Most o f  the localities were studied for at least 3 years ex­
cept Madera, which was studied 2 years. Once a locality was studied, the same effort 
and personnel were used in subsequent years. If effort had been increased in some ar­
eas, more nests may have been found. The areas most likely to have more nests that 
we found are Madera and Northern Durango, and to a lesser extent Mesa de Guacama­
yas.
Nest Site Losses
In the managed areas o f Vallecillo and San Juanito a total o f  34 nesting trees 
and snags were studied. Of those nesting trees and snags, 10 (29.4%) were lost: 8 to 
human activities and 2 to natural tree fall. By contrast in the non-managed areas from 
a total of 153 nesting trees and snags, 17(11%) were lost; 4 to human activity and 13 
to natural causes. The proportions o f nest losses differed between the managed areas 
and the non-managed areas (x = 7.54 DF 1, P <. 006.). The rate o f  nest site loss by 
area/year was 3.2% in the managed areas whereas the rate by area/year in the non- 
managed areas was 0.85%. With logging occurring at a large scale, and low snag and 
large trees recruitment, nest site loss may be detrimental for the parrots in the areas 
under harvesting where the species is still present.
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Figure 3. Location and elevation range o f nest sites found in the main breeding 
area of Cebadillas. Map scale 1:50 000 INEGI, contour interval is 100 m.
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Nesting Chronology
Courtship behavior and cavity inspection was observed as early as the second 
week of May. Nesting activities were well under way by June 5th of every year. 
Copulation and courtship was observed often in most nesting pairs between June 5 and 
25. Timing o f nesting was fairly synchronous and frequently courtship and copulation 
occurred simultaneously in neighboring tree tops. Most o f the egg-lying occurred 
between 5 and 14 of July. As is typical of parrots, incubation is performed entirely by 
females and begins when the first egg is laid (Forshaw 1989). The Incubation period 
lasts an average o f 27 days (.37 S.E) with a range from 25 to 32 days. Hatching is 
asynchronous and chicks hatch at 2-3 day intervals. Most hatching was observed be­
tween August 1 and August 17. Hatchlings are nearly naked with sparse white down 
feathers and their eyes closed. Ten newly hatched young weighed an average of 12.7 
grams (.51 S.E.) with a range from 9.5 g. to 14.1 g. Eyes began to open after 7 days; 
this has been reported at 6 days in aviary birds (Forshaw 1989).
At early stages o f hatchling development, the feeding is done entirely by the 
female, which receives the food from the male and rarely abandons the nests to forage. 
As the nestlings get larger and more food is needed, both parents leave the nests to 
forage. Hatchlings are fully feathered after 5 weeks and have juvenile plumage in 
about 50 days (Snyder et al 1999). The mean nestling duration from hatching to 
fledging in the 47 chicks we followed from 96 to 98 was 56.6 days (0.36 S.E.). When 
fledging occurred, adults spent long periods o f time in trees near the nests and called to 
the young parrots, which call in return from the nest entrance. Fledging dates varied 
yearly, but in general fledging was between September 21 and October 24.
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Lanning and Shiftlet (1983) reported the time o f fledging as early October but 
they calculated earlier fledging in mid September for some nests. Foraging flocks 
were frequently observed during the breeding season, especially during 1997 and 
1998. A total o f 32 different feeding flocks were observed during 1997 and 1998.
The foraging flocks visited different tree species. The tree species most visited 
during foraging were P. durangensis (50%), P. ayacahuite (26.7%), P.arizonica (3.3 
%), and Pseudotsuga memiessi (20%). Similar proportion o f seeds from the visited 
pine species were reported in crop samples collected (Snyder et al. 1999). The size of 
the trees visited varied but the average size (dbh) o f all the trees used for foraging was 
54.3 cm (S.E. 3.0). The Pinus durangensis trees used averaged 59.2 cm (S.E 4.5) and 
Pinus ayacahuite 48 cm (S.E 4.2). The foraging flocks observed fed most o f  the times 
in trees larger than the average trees available in the nesting areas (Table 27). Forag­
ing flocks differed also in composition along the nesting season. At the beginning 
(late May to early June), foraging flocks consisted basically o f mated pairs (Incubating 
females were fed by males). During the incubation period (July), most foraging was 
done by small flocks of males, which performed at least three foraging trips back and 
forth to the nests daily. Three weeks after hatching (August), foraging flocks were 
large with the incorporation of female parrots; after fledging the flocks included young 
parrots.
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CHAPTER II
PRODUCTIVITY AND NESTING SUCCESS OF THICK-BILLED PARROT 
Productivity and Success by Year
Considering productivity overall, 268 nestlings hatched from 337 eggs 
(79.5%); from which 200 chicks fledged successfully (74.6%). Overall 81.3% o f the 
nests were successful and 59.3% o f the eggs producing fledglings. Pairs fledged an 
average o f 1.62 parrot chicks during the 5-year period. Clutch size did not differ
among years (x2= 3.82 DF 4, P <. 430), neither brood size (x2= 2.52 DF 4, P <. 640). 
Table 2. Mean number o f eggs, hatchlings and fledglings, by year.________________
Variable 1995 1996 1997 1998 1999 1995-1999
Avg. clutch size 2.77 2.43 2.71 2.81 2.86 2.73
Avg. brood size 2.22 2.06 2.07 2.35 2.13 2.17
Avg. num. fledg­ 1.77 1.25 1.65 1.94 1.26 1.62
lings
The average number of fledglings differed among years (x2=9.76 DF 4, P <.
044). Using Tukey pairwise comparisons (Conover, 1980) I found differences in 1998 
versus 1996 and 1999. There were more birds fledged/nest in 1998 (1.94) than 1996 
(1.25) or 1999 (1.26) (Table 2). The proportions o f successful nests varied among 
years (x = 8.215 DF 4, P <. 084.). The lowest percentage of successful nests occurred 
in 1999 where 60.8% of the nests had young parrots; in most years the proportion of 
successful nests was around 85% and the highest was in 1996 with 87.5% (Table 3 and 
Fig 4). The proportion o f eggs that hatched for the period of study was 79.5%.
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The year with the highest proportion o f eggs hatched was 1996 with 84% and 
the year with the lowest proportion o f  hatched eggs 1999 when only 74% o f eggs 
hatched, but differences were not significant (x = 3.34 DF 4, P < .501). The propor­
tion of chicks that fledged based on the number of hatchlings was 74.6% (Table 3).
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Figure 4. Percentages o f nests that produced young, by year.
The proportion of fledglings varied among years ( x — 14.03 DF 4, P <. 007) 
(Table 4). The overall proportion o f fledglings for the 5-year period o f study was 
74.6%. During 1999, only 59.1% o f  the chicks that hatched fledged. This was the 
smallest proportion o f successful chicks fledging during the 5 years o f our study in 
contrast, 1998 was highest with 82.7% (Fig. 5).
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Variable 1995 1996 1997 1998 1999 (1995-1999)
Nesting success1 77.7 87.5 86.8 86.4 60.8 81.3
Hatching suc­ 80 84 76 83 74 79.5
cess2
Fledging success3 80 60.6 79.7 82.7 59.1 74.6
1 Percentages of successful nests.
2 Percentages o f eggs that hatched.
3 Percentages o f young that fledged.
Table 4. Number o f  successful nests, eggs and chicks, by year (DF = 4).
Variable 1995 1996 1997 1998 1999
S'-U2 S U S U S U S U x2 P
Nests 7 2 14 2 33 5 32 5 14 9 8.21 .084
Eggs 20 5 33 6 79 24 87 17 49 17 3.34 .501
Chicks 16 4 20 13 63 16 72 15 29 20 14 .007
1 Successful.
“ Unsuccessful.
Productivity and Success by Area
Because not all the localities had enough accessible nests and not all the areas 
were studied the same number of years, calculations of the locality-year interaction 
was not possible. Because the status of the Thick-billed Parrot as an endangered spe­
cies, it was important to observe the variation and differences among areas.
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Figure 5. Percentages o f Thick-billed Parrot hatchlings that fledged, by year.
I decided to analyze Cebadillas and Piceas together in addition to separately 
because they are from the same region and by analyzing areas separately, I could evalu­
ate the effects o f location of nesting trees without concerns of possible food-availability 
differences. Even though we had different number of nests among areas, no differences
9
existed in clutch size (x = 8.55 DF 5, P <. 1282). Clutch size among areas ranged from 
a low 2.40 in Piceas (15 nests) to a high 2.96 in San Juanito (26 nests) (Table 5).
Table 5. Mean number o f eggs, hatchlings and fledglings, by area.
Variable Mesa1 Madera Cebadillas Piceas Valle­
cillo
S.Juanito
Avg. clutch size 2.92 2.88 2.58 2.40 2.92 2.96
Avg. brood size 2.46 2.77 2.17 1.40 2.28 2.23
Avg. num. fledg­ 2.38 2.22 1.39 1.0 1.78 1.73
lings
1 Mesa de Guacamayas.
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The number o f eggs that hatched differed among locations (x^= 14.68 DF 5, P 
<. O il), with the highest average observed in Madera (9 nests) with 2.77 hatchlings 
per nest and the lowest observed at Piceas (15 nests) with 1.40 hatchlings per nest 
(Table 5). The number of fledglings/nest differed among localities (x 20.51 DF 5, P 
<. 001). The area with the highest average number o f fledglings was Mesa de Gua- 
camayas (13 nests) with 2.38 chicks/nest and the lowest was Piceas (15 nests) with 
only 1.0 chick/nest. The proportions o f successful nests differed among localities (x^= 
9.388 DF 5, P <. 095) (Table 6 and Fig. 6). The lowest percentage occurred at Piceas 
where only 60% of the nests had fledglings and the highest proportion occurred at 
Mesa de Guacamayas where all nests succeeded (Fig. 6).
The proportion of eggs that hatched differed among areas (x^= 17.23 DF 5, P 
<. 004) as well as the proportion o f fledglings produced (x^= 15.29 DF 5, P <. 009) 
(Table 7). The lowest fledging success was observed in Cebadillas where only 64% of 
the chicks that hatched fledged. In contrast, 96.8% of chicks fledged at Mesa de Gua­
camayas (Table 6).
Table 6. Percentages of nesting, hatching, and fledging success, by area.
Variable Mesa* Madera Cebadillas Picea Vallecillo 2 Juanito
Nesting success 100 88.8 80.4 60 92.8 76.9
Hatching success 84.2 96.1 84 58.3 78 75
Fledging success 96.8 80 64 71 78 77.5
Mesa de Guacamayas.
2 San Juanito.
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Mesa Madera Cebadillas Piceas Valecillo San Juanito 
Figure 6. Percentages of successful nests o f Thick-billed Parrot, by area.
Table 7. Number o f successful nests, eggs and chicks, by area (DF = 5).
Variable Mesa1 Madera Cebadillas Picea Valle S. Juanito
S2 U3 S U S U S U S U S U x2 P
Nests 13 0 8 1 37 9 9 6 13 1 20 6 9.38 .095
Eggs 32 6 25 1 100 19 21 15 32 9 58 19 17.2 .004
Chicks 31 1 20 5 64 36 15 6 25 7 45 13 15.2 .009
1 Mesa de Guacamayas.
2 Successful.
3 Unsuccessful.
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Productivity and Success in Cebadillas
Overall, 155 eggs (2.54 per nest) hatched 121 nestlings (78%) from which 79 
chicks fledged successfully (64%). Overall 75% o f the nests were successful and 51% 
of the eggs produced fledglings (1.29). There were no yearly differences in clutch size 
(x^= 1.80 DF 3, P > .6148) and brood size (x^= 1.93 DF 3, P <. 5851). However the 
average number o f fledglings differed among years (x = 15.32 DF 3, P <. 0016). The 
highest number of fledglings, 1.68 chicks per successful nest occurred in 1998. The 
lowest level observed was 0.45 chicks/ nest in 1999 (Table 8 ). Using %2 analysis 
(Goodness o f fit test), I compared the percentages o f  success of nests, eggs and chicks 
among years from 1996 to 1999 . I found differences in the proportions o f successful 
nests among years (x 11.15 DF 3, P <. Oil). The lowest percentage occurred in 
1999 when only 36.3% of the nests produced fledglings and the highest proportion of 
successful nests occurred in 1997 when 85.7% of the nests produced young (Table 9 ). 
Table 8. Mean number o f eggs, hatchlings and fledglings in Cebadillas and Piceas, by
Variable 1996 1997 1998 1999
No. clutches 10 21 19 11
No. eggs 24 54 47 30
Avg. clutch size 2.4 2.57 2.47 2.72
No. hatchlings 20 44 39 18
Avg. brood size 2 2.09 2.05 1.63
No. fledglings 11 31 32 5
Avg. fledglings 1.10 1.47 1.68 .45
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The percentage of eggs that hatched for the period of study in the main nesting
area was 78%. Differences existed among years (x^= 7.137 DF 3, P <. 068). The year
with the highest success was 1996 with 83.3%. The lowest success occurred in 1999
when 60% o f eggs hatched. In terms o f fledging success, differences existed among
years (x^= 17.46 DF 3, P <. 001). During 1999, only 27% of hatched chicks fledged
while in 1998, 82% o f chick’s that hatched fledged (Table 9).
Table 9. Percentages o f nesting, hatching and fledging success in Cebadillas and
Piceas (DF=3), by year.____________________________________________________
Variable____________1996 1997 1998 1999
Nesting success1 80 85.7 84.2 36.3
Hatching success2 83.3 81.4 82.9 60
Fledging success3 55 70.4 82 27
1 Percentages o f successful nests.
2 Percentages o f eggs that hatched.
3 Percentages o f young that fledged.
Productivity and Success in Cebadillas without Piceas Nests
In Cebadillas we gathered enough data to compare the levels o f productivity 
and success among years. Overall, 119 eggs were laid (2.58 per nest), 100 (84%) 
hatched; and 64 chicks fledged (64%). A total of 80% o f the nests were successful and 
53% of the eggs produced fledglings. The nesting pairs fledged an average of 1.5 par­
rot chicks in the 4-year period (Table 10). There were no differences in clutch size (x 
2.28 DF 3, P <. 514) and brood size (x^= 1.726 DF 3, P <.631) among years. How- 
ever the average number of fledglings differed among years ( x — 13.18 DF 3, P<.004). 
In year 1998, 1.92 chicks/nest were produced whereas in 1999 only 0.62 chicks/nest 
(Table 10).
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Table 10. Mean number of eggs, hatchlings and fledglings in Cebadillas, by year.
Variable 1996 1997 1998 1999
No. clutches 9 16 13 8
No. eggs 22 40 34 23
Avg. clutch size 2.44 2.50 2.61 2.87
No. hatchlings 19 35 31 15
Avg. brood size 2.11 2.18 2.38 1.87
No. fledglings 10 24 25 5
Avg. no. fledglings 1.11 1.50 1.92 .62
Using x2 analysis (Goodness o f fit test), I compared the percentages o f success 
of nests, eggs and chicks among years and found differences. In all cases values for 
the year 1999 were the lowest found (Table 11).
Table 11. Percentages of nesting, hatching and fledging success at Cebadillas
(DF = 3), by year.__________________________________________________________
Variable 1996 1997 1998 1999
x2 P
Nesting success1 77.7 87.5 92.3 50 6.421 .093
Hatching success2 86.3 87.5 91.1 65.2 7.809 .050
Fledging success3 52.6 68.5 80.65 33.3 11.23 .011
1 Percentages o f successful nests.
2 Percentages o f eggs that hatched.
3 Percentage o f young that fledged.
Success and Performance by Clutch Size
Clutch size ranged from one to five eggs, however 87% of the clutches had two 
or three eggs. Four and five egg clutches were 8.1% and 1.6 % respectively (Table 
12). Four-egg clutches had the greatest output o f fledged young per nest with 21 
fledglings produced in 10 clutches (2.1 per nest).
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However only 8.1% of the clutches had 4 eggs. The highest gross output was 
observed in three-egg clutches with 119 young parrots produced in 69 clutches (1.72 
per nest).
Table 12. Productivity and success by clutch size.
Size N % Hatchlings Chicks Nesting
success
Hatching
success
Fledging
success
1 4 3.3 3 2 50% 75% 66%
2 38 30.9 68 55 81.5% 87% 80%
3 69 56.1 166 119 85.5% 80% 71 %
4 10 8.1 26 21 70% 65% 80%
5 2 1.6 5 3 50% 50% 60%
Nest, Chick and Egg Losses
Total loss occurred in 23 clutches (Table 13). These occurred during the incu­
bation (9 nests) with 25 eggs lost and during the nestling stage (14 nests) with 31 
chicks lost. O f the clutches lost during incubation, seven clutches with 19 eggs were 
lost by nest desertion. Nest desertion is believed to occur often in cavity nesters (Gill 
1994). Predation was a minor cause of total failure. Mammal predation was inferred 
when hairs were collected at predated nests. The hairs were identified by comparing 
them with hairs on mammal specimens housed at UNAM (National Autonomous Uni­
versity in Mexico City). Mammal predation destroyed entire nest contents once in the 
egg stage and three times in nests with chicks during the first 3 weeks after hatching. 
Ringtail cats (Bassariscus astutus) and Raccoon (Procyon lotor) were the mammal 
predators. Predation by ringtail cats was reported in other studies (Snyder et al.1999).
34
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
During 1996, two clutches were lost during intensive rain. We checked rain 
records from the National Weather service at Temosachic observatory and found that 
the heaviest precipitation for the area in 6 years coincided with the loss of nests in 2 
weeks of torrential rains. Nesting cavities in both cases were in the upper third o f the 
tree and both cavities were in advanced stages o f decay. Water partially filled the nest 
chambers. The resulting high and cold water probably caused death to the chicks. 
Several nests in addition to the ones with total loss had leaks and the cavity interior 
seemed very humid and cold (Table 13 ). Additional mortality o f some hatchlings in 
successful nests was attributed to rain in some other years. Four clutches with a total o f 
10 chicks were lost to parasite outbreaks. Parasites were abundant in the nests after 
the chicks hatched. The parasite outbreaks occurred in 1999 in the nests from Ceba- 
diilas when three clutches were lost to parasites.
Table 13. Causes o f total failure of Thick-billed Parrot nests, by year.
Cause of failure 1995 1996 1997 1998 1999
Nest deserted 1(4) 0 3(9) 2(3) 1(3)
Mammal predation 1(2) 0 0 1(2) 2(5)
Avian predation 0 0 0 1(3)
Parasite infestation 0 0 1(3) 0 3(7 )
Flooding 0 2(4) 0 0 0
Poaching 0 0 0 0 1(3)
Lighting strike 0 0 0 0 1(3)
Chick death-Unknown cause. * 0 0 1(2) 1(2) KD
Note: Number in parenthesis is number o f  eggs or chicks lost in event. *We could not 
determine cause o f chick death, but in most cases could be attributed to lack o f paren­
tal care and insufficient food supply.
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Avian predation occurred once as evidence by claw wounds found on partially 
eaten chicks. Lanning and Shiftlet (1983) also found similar evidence of avian preda­
tion in parrot nests. A Great Homed Owl (Bubo virginianus) was observed twice close 
to a nest tree.
Table 14. Losses o f eggs and chicks in successful nests, by year.
Variable Partial nest failure 1995 1996 1997 1998 1999
Egg losses 36 (26) 1 5 15 11 4
Chick losses 37 (26) 2 9 11 8 7
Total loss 73 (52) 3 14 26 19 11
Number in parenthesis refers to the number o f clutches in which the losses occurred.
Diurnal raptor predation is also a possibility, because Northern Goshawks (Ac- 
cipiter gentilis) and Red-tailed Hawk’ (Buteo jamaicensis) nest in the area and both 
are known to predate Parrots (Snyder et al. 1994). In successful nests some eggs did 
not hatch and some nestlings died (Table 14). During 1999, all mortalities (15 chicks) 
occurred in the first 2 weeks (Table 15).
Table 15. Chick losses by week (Roman numbers), by year.
Weeks I II in IV V VI vn vni EX
1995 1 0 2 0 0 0 0 i 0
1996 1 1 4 0 2 3 2 0 1
1997 2 2 0 2 0 1 0 5 2
1998 0 0 3 2 4 0 1 0 0
1999 12 3 0 0 0 0 0 0 0
Total 16 6 9 4 6 4 3 6 3
Percent 28% 9% 15% 7% 9% 7% 5% 9% 5%
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CHAPTER in
NESTING TREES AND HABITAT CHARACTERISTICS 
Nest Characteristics
During the study, 187 trees and snags were used by active Thick-billed Parrot 
pairs; each nesting tree was identified and measured. Nests occurred in seven different 
species. Most nests (58.8%) occurred in snags. Lanning and Shiftlet in 1983 found 
and studied 55 nesting trees; 63% (35 nests) were in snags.
I found no significant difference (x = .410 DF 1, P <. 522) between the pro­
portions of snags used in their study and mine. During 1995-1999, most of the nests 
were in large emergent live and dead trees that averaged 75.2 cm diameter at breast 
height (dbh), (Table 16 ).
The smallest tree used had a 30-cm dbh, but only 2 nests out o f the total o f 187 
were in trees under 40 cm. dbh. In 1983, the general average dbh observed in trees 
and “snags” was 69.5 cm (Lanning and Shiftlet 1983). For most species used, “snags” 
were more frequently used than live trees. The only species that was more frequently 
used alive was Pinus ayacahuite.
Table 16. Average dbh of nesting trees and snags, in centimeters .
Condition N Mean dbh S.E Maximum Minimum Percentage
Live tree 77 76.9 2.46 135 30 41.2%
Snags 110 74.02 2.04 143 36 58.8 %
Total 187 75.2 1.57 143 30 100%
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With respect to tree species used, 32.6% of the nests were found in Douglas fir 
(26 in live trees and 35 in snags). The second most-used tree species was Mexican 
white pine with 21.9% of the nests (28 in live trees and 13 in snags). The third most 
used tree species was aspen with 35 nests (18.7% of the nests); 21 occurred in dead 
trees and 14 in live aspen. Nests were also found in Abies concolor, Pinus durangen- 
sis and Pinus arizonica, but most o f them occurring in “snags”. Twenty nests were 
found in “snags” that were extremely deteriorated and could not be identified to spe­
cies because of the total absence o f bark. The frequency o f tree species used as nests 
in live trees and “snags” differed greatly between the 1983 study o f Lanning and 
Shiftlet and this study.
During the study of the 80’s, 91% (32 out of 35) o f the nests occurring in 
“snags” were in pine trees. Only 0.05% (2 out o f 35) occurred in dead Douglas fir 
trees. We found different proportion of tree snags in this study. Pine snags are 29% 
(32 pine snags out o f 110 snags studied). In addition, Douglas fir “snags” use in­
creased from 0.05% to 31% (35 nests out o f 110). In general the proportions of snag 
species used in my study were different ( x 30.426 DF 2, P <. 001) to the propor­
tions of snag species reported by the 80s’ study. Similar results were obtained by 
Cruz-Nieto (1998), with a smaller sample size of nesting trees, this time we corrobo­
rate the differences with a larger sample o f nest trees. Reasons for the failure to use 
Douglas fir in the past are still unknown. Lanning and Shiftelet (1983) observed 20 
nests in live trees. Fifty percent (10 nests) were in pine species, 10% (2 nests ) in 
Douglas fir and 40% (8 nests) in live aspens.
38
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The proportions observed in this study were different (x = 6.438 DF 2, P <. 
040), 37% (29 nests) in live pine species, 33% (26 nests) in Douglas fir. The species 
with the largest average dbh was Pseudotsuga menziessi with 94.4 cm. Only one nest 
occurred in a hardwood; this was an oak, which had a 100 cm dbh (Table 17).
Table 17 . Average dbh and range o f nests and percentages, by species.
Species N Snags Live dbh Maximum Minimum Percent
Abies 9 2 7 86.4 107 66 4.8 %
P. arizonica J 3 0 64.6 77 42 1.6%
P. ayacahuite 41 13 28 61.2 105 30 21.9%
P. durangensis 17 16 1 71.2 106 41 9.1 %
Populus 35 21 14 60.6 84 36 18.7%
Pseudotsuga 61 35 26 94.4 143 61 32.6 %
Unknown snag 20 20 - 69.4 122 47 10.7 %
Ouercus 1 0 1 100 - - .005%
Height o f the nest cavity entrance varied among tree species, but the general 
average was 18.2 meters above ground. The species with the cavity at the highest av­
erage position was Abies concolor with an average cavity entrance height of 21 meters 
above the ground. The species with the cavity entrances at the lowest position was 
Pinus ayacahuite, 15.7 m. height above the ground (Table 18).
Species Mean Abies P. a n 1 P. ayac P. durang Aspen Pseu4
Tree height 22.8 24.3 24.3 19.5 23.9 28.9 23.1
Cavity height 18.25 21 18 15.77 19.53 20.57 18.75
Pinus arizonica.
2 Pinus ayacahuite
3 Pinus durangensis.
4 Pseudotsuga menziessi
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The nests were analyzed in terms of their topographic elevation and orientation 
with respect to the slope. The hillsides were divided into thirds: upper, middle and 
lower. Nests located in flat terrain were placed in a category called flat. The highest 
proportion o f nests were located in the central or middle third o f the hillsides with 
47.4% o f the nests located there; 21.4% percent of the nests were located in the upper 
third o f the mountain. Most o f the nest trees had northerly orientations, 35.7% o f the 
nests were on north facing slopes, 29.2% were located in northeast facing slopes, and 
18.2% o f the nests were facing northwest. Only 7.9% o f the nests were in south- 
facing slopes; 3.2% faced east and 5.8 faced north. Cruz-Nieto (1998) attributed north 
facing slope nesting to the presence o f larger trees in such orientations. On the other 
hand, cavity orientations had a more scattered distribution. Cavity orientation is im­
portant to the Red-cockaded Woodpecker (Picoides borealis) and is influenced by the 
density and height o f vegetation immediately in front of the cavity tree (Kelly et al. 
1993) but cavity orientation seems to be unimportant for Thick-billed (Cruz-Nieto
1998) (Table 19).
Orientation Nest Percent Cavity Percent
E 5 3.2 16 10.4
N 55 35.7 30 19.5
NE 45 29.2 24 15.6
NW 28 18.2 26 16.9
S 3 1.9 7 4.5
SE 2 1.3 19 12.3
SW 7 4.5 16 10.4
W 9 5.8 16 10.4
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< 40cm 40-59 cm 60-79 cm >80 cm
Figure 7. Percentages of nesting trees by size category.
The most common size category of nests was 60-79 cm in dbh, (40.1%). In 
general, 75.3% of the nesting trees were larger than 60 cm in dbh, and 35.2% had di­
ameters o f 80 cm or greater (Table 20). Only 23.5% of the nests were in trees and 
snags smaller than 59 cm. But two nests (1.07%) were in trees smaller than 40 cm, one 
in a snag o f 36 cm dbh, the other an aspen tree of 35 cm dbh (Figure 7).
Variable <40 40 & 59 60 & 79 >80
N 2 44 75 66
Live tree 1 17 26 33
Snag 1 27 49 33
Percent 1.07 23.5 40.1 35.2
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The area with the largest number o f nesting trees and snags recorded was Ce- 
badillas with 43.9% of the nests. The smallest number was at Vallecillo with 5.9% of 
the nests. Areas with the most nests (Madera, Piceas and Cebadillas), had greater 
number of nests in “snags”, while areas with longer history o f logging like Vallecillo, 
San Juanito and Mesa de Guacamayas had more nests in live trees (% 25.3 DF 1, P
<. .001) (Table 21).
Table 21. Number, percentage, condition and dbh o f nesting trees, by area.
Variable Mesa1 Madera Cebadillas Piceas Vallecillo S. Juanito
N 15 36 82 24 11 19
Live tree 9 14 22 8 9 15
Snags 6 22 60 16 2 4
Mean dbh 101.6 61.08 76.5 76.8 54.8 85.2
Maximum 134 84 143 123 77 135
Minimum 80 36 41 48 30 43
Percentage 8 19.3 43.9 12.8 5.9 10.2
Nesting trees at Mesa de Guacamayas had the largest average dbh (101.6 cm ) 
for the 15 nests observed; the smallest average was in Vallecillo where 11 nests aver­
aged 54.8 cm. (Table 21). The majority of nests in areas with high abundance o f  nests 
Cebadillas, Madera and Piceas had dbh between 60-79 cm. In Mesa de Guacamayas, 
all the nests occurred in trees and snags of 80 cm dbh and above. In contrast in Valle­
cillo the majority o f nests were located in live trees and “snags” having dbh smaller 
than 59 cm (Table 22).
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Table 22. Number o f nesting trees at each locality, by size category.
Locality N <-40 40- 59 60-79 80 & >
Mesa Guacamayas 15 0 0 0 15
Madera 36 1 12 22 1
Cebadillas 82 0 18 35 29
Piceas 24 0 4 11 9
Vallecillo 11 1 7 3 0
San Juanito 19 0 3 4 12
The species o f trees and snags used for nesting by the Thick-billed parrot dif­
fered among areas. In Cebadillas the majority occurred in Pseudotsuga and in Piceas 
the majority occurred in Pinus ayacahuite. Nests were found also in Abies concolor, 
Pinus arizonica and Pinus durangensis (Table 23 ) in these areas; most of them in 
snags (Table 21).
Madera was unique and all but one nest was located in aspen trees (Populus 
tremuloides). This was also the only area where Thick-billed Parrot nested in aspen. 
At most localities, aspen were absent or, if  it present, the size were too small for parrot 
nesting. In Mesa de Guacamayas and San Juanito, the majority o f nests were in 
Douglas fir. In Vallecillo, in contrast, the majority of nests occurred in P. ayacahuite 
(Table 23). In Piceas, most nests occurred in Douglas f ir  and Pinus ayacahuite but 
also in Pinus durangensis and Abies concolor. In most o f the cases, in the logged ar­
eas nesting was influenced for availability, whereas in non-harvested areas, other fac­
tors could be considered influential in nest site selection.
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Table 23. Tree species used for nesting, by locality.
Species Mesa1 Madera Cebadillas Piceas Vallecillo San Juanito
Abies 1 0 4 4 0 0
P.arizonica 0 0 2 1 0 0
P. ayacahuite 0 1 23 7 8 2
P. durangensis 1 0 11 3 0 2
Populus 0 35 0 0 0 0
Pseudotsuga
1 W  _  J  -
12 0 29 6 2 12
Mesa de Guacamayas. 
Social Behavior and Nesting
Social behavior is very important to the Thick-billed Parrot during the breeding 
season. Foraging flocks are integrated by vocalizations o f neighboring nesting pairs 
that vocalize prior to and during their foraging trips (Snyder et ai.1999).
The species is, at least historically subjected to extensive raptor predation. As 
a counter measures, flock formation and sentinel positioning during foraging seem to 
be important (Snyder et al. 1994). Nests of the Thick-billed Parrot are usually located 
at relatively short flight distances from their neighbors. This is probably related to the 
importance o f social behavior for the species (Snyder et al. 1999).
Not all the areas had available cavities nearby, but the areas with high densities 
of snags and abundance o f potential nest sites, like Cebadillas, Piceas and Madera had 
relatively shorter distances among nests than the areas were nest site availability is low 
like San juanito, Vallecillo and a lesser extent, Mesa de Guacamayas (Table 24).
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Table 24. Average distances (in meters) o f closest nests, by locality.
Variable Mesa Madera Cebadillas Piceas Vallecillo S. Juanito
N 15 36 82 24 11 19
Mean distance 816 98 444 235 930 7618
Maximum 2500 350 1920 710 2750 5370
Minimum 300 5 25 30 130 280
Habitat Characteristics
All nesting areas were heterogeneous and the nests were usually placed in 
patches of large trees. Some nests, especially those on logged areas or young even- 
aged stands were located in emergent trees or snags. All nests were located in patches 
of vegetation with canopy closure around 50%. Even the more logged areas, Valle­
cillo and San Juanito, had relatively similar percentages of canopy closure at nest sites, 
48.1% and 38.7% respectively . Most nests were located on slopes with average an­
gles greater than 19°. At Piceas slopes averaged 29.5°. At Madera the slopes were 
more gradual and averaged 19.9°. In the remaining areas the nests were on slopes 
between 25.2° and 22.8 °. The nests were found at elevations similar to the reported in 
literature. All the nesting areas had the nests located at elevations above 2200 m. The 
minimum elevation occurred in Mesa de Guacamayas with a nest found was 2210 m.. 
Most of the nests were located at elevations over 2300 meters and the highest eleva­
tion of a nest occurred at 2875 m in San Juanito (Table 25). The Basal area of trees > 
40-cm dbh differed among areas (ANOVA F = 27.5, DF = 5 and 172, P =.0001).
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The area with the greater average basal area o f trees was Piceas where it aver­
aged 25.9 m2/ha. Piceas is an area that is being protected due to the presence o f an 
endangered conifer tree (Picea chihuahuana). For this reason the harvesting o f  trees 
its forbidden and this area is almost pristine. The areas with smallest average basal 
area were San Juanito with 6.2 m2 /ha. and Vallecillo with 8.6 m2 /ha. Both areas have 
a long history of logging. Piceas, Cebadillas and Madera, where most nests were 
found have greater basal areas o f any tree size category, especially in trees between 60 
> 79-cm dbh (Table 25).
Variables Mesa3 Madera Cebadillas Piceas Vallecillo S. Juanito
Canopy (%) 50.4 72.2 53.2 59.2 48.1 38.7
Slope angle 25.2 19.9 23.4 29.5 24.5 22.8
Tree BA 13 13.7 17.1 25.9 8.6 6.2
(m2 ha)1
40 >59 (m2 ha)2 5.17 2.24 5.01 7.1 1.35 .73
60 >79  (m2 ha)2 3.57 4.92 5.08 8.3 2.43 .71
>80 (m2 ha)2 4.26 6.56 6.91 10.4 4.8 4.7
Maximum nest 
Elevation
2600 2760 2700 2640 2700 2875
Minimum nest 
elevation 2210 2480 2580 2520 2560 2340
Snags / ha. 
1 * ______ .
u» u>
N
5.6 5.5 6.8 1.6 1.4
2 Average basal area in m2 /ha o f tree size category.
3 Mesa de Guacamayas.
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In the contrary, the logged areas of San Juanito and Vallecillo had the lowest 
basal areas of any tree size category. In Cebadillas and Piceas, the main nesting areas, 
Durangensis pine and Douglas fir were the dominant tree species. In Madera, Aspen 
and Douglas fir were the dominant trees (Table 26). In both o f the heavily logged ar­
eas, the species with the greatest average basal area were also Douglas fir and Durang­
ensis pine.
Species Mesa1 Madera Cebadillas Piceas Vallecillo S. Juanito
Abies .20 2.18 2.52 5.40 - -
P. arizonica .88 - 1.7 1.27 .44 .50
P. ayacahuite 4.10 1.79 1.56 4.36 1.74 .94
P. durangensis 2.3 .97 4.18 7.20 2.90 2.51
P. engelmannii .40 - 1.04 .22 - -
Pseudotsuga 3.75 2.97 4.96 5.67 2.21 2.46
Quercus 2.24 .20 1.52 2.65 1.13 2.65
Populus - 7.79 .10 .20 - -
1 Mesa de Guacamayas.
Characteristics of Trees Available
During the 5-year period of study we found 77 nests in live trees. All the nests 
occurred among the largest trees in each area. For example, 28 nests were observed in 
P. ayacahuite. The nesting trees averaged 61.2 cm dbh, considerably larger than the 
average dbh found in this species in any area. The second most selected live tree spe­
cies for nesting was Douglas fir, we found 26 nests with an average of 94.4 cm dbh.
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The second most selected live tree for nesting was Douglas fir. In this species 
we found 26 nests with an average of 94.4 cm dbh. This average was larger than the 
average o f the same species found in an average tree sampled (x 117 DF 2, P <.
0001) (Table 27).
Table 27 . Average dbh o f tree species used and available, by area.
Species Used Mesa1' Madera Cebadillas Picea Vallecillo S. Juanito
Abies 86.4 27 33.6 41.8 35.7 24.7 -
P. ayacahuite 61.2 46.5 37.6 35 38.8 39.7 30
P. durangensis 71.2 37.7 31.3 37.5 40.2 36.5 29.9
Populus 60.6 - 45.9 - - - -
Pseudotsuga 94.4 42.9 38.6 53.4 41 45.7 37.9
Quercus 100 34.4 27.4 39.7 36.1 37.8 31.2
1 Mesa de Guacamayas
Although Thick-billed Parrots nested in trees with dbh larger than 40 cm, most 
nesting was concentrated in the largest trees. The trees used for nesting were larger 
than the average trees available (j}=  117 DF 2, P <. 0001). O f the 77 live trees used 
for nesting, 43% were > 80 cm whereas trees of the same size were rare and only 8.7% 
in the nesting areas were this large (Fig 8). Only 19.9 % o f trees available were 60 and 
79 cm dbh but 34.2% o f the nesting trees used were in this size category. Only 22.3% 
of the trees used as nests had dbh between 40 and 59 cm while 71.2 % of the available 
trees > 40 cm were this size (Figure 9). Live trees used for nesting (43.4%) were > 80 
and the areas with most nests (Piceas and Cebadillas) were also the areas with the- 
highest densities o f trees in that size category (Table 28).
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■  Used ■Available
100 -|
40-59 cm 60-79 cm > 80
Figure 8. Percentages oflive trees > 40 cm dbh used and available, by size categories.
Table 28. Density o f trees/ha. and their dbh, by size category and area.
Category Mesa 1 Madera Cebadillas Piceas Vallecillo S. Juanito
<39 119 128 134.5 132.5 74.5 128
Avg. dbh 23.7 24.9 24.7 26.5 24.2 25.5
40 >59 29.5 44.3 38.5 61.2 28.3 29.4
Avg. dbh 47.6 45.8 48.4 47.8 46.4 42.6
60 >79 10.8 15 15.6 24.7 6.2 2.4
Avg. dbh 65.8 67.7 67.1 67.8 67.1 63.5
>80 7 3.7 6.8 11.7 2 1.2
Avg. dbh 97 84 97.2 91.1 91.5 90.6
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Characteristics o f Snags Available
In temperate forests, up to half of the species comprising bird communities 
may depend on cavities in dead trees for nesting (Gibbs et al. 1993). In addition, the 
breeding densities o f  many bird species are in some areas limited by availability of 
nest sites (Newton 1994). For these reasons, snag densities were estimated for stand­
ing dead trees larger than 40 cm, the minimum size used by the species in this study.
The area with the highest number o f snags was Piceas with 6.8 per ha (1.5 
S.E). The area with the smallest snag density was San Juanito with 1.4 snags per ha 
(.47 S.E). The densities o f snags > 40 cm dbh differed among localities (ANOVA F = 
11.19, DF = 5 and 170, P =.0001). In addition, Using Goodness o f fit test I compared 
the proportions o f snags used as nests with the snags available in the nesting localities 
and differences were found in terms of size (x = 16.19 DF 2. P <. 001) and species used 
(x  = 45.23 DF 6. P <. 001). In 234 snags sampled available with minimum of 40 cm 
dbh in the nesting areas, only 19.2% of these snags were > 80 cm whereas the snags 
used 30% were this size. Of snags between 60 and 79 cm dbh only 33.3% were avail­
able but 44.5% were used as nests. Only 24.5% o f the “snags” used as nests had sizes 
between 40 and 59 cm o f dbh but 47.4% o f the snags available were had diameters in 
this size range (Figure 9). The species of snag more frequently used for nesting were 
Pseudotsuga menziessi 31.8% (35) and its availability was 32.1% (75), Populus 
tremuloides 19.09% (21), with an availability 6.8% (16) and Pinus durangensis 14.5% 
(16) with an availability o f 11.1% (26). Abies concolor snags represented 26.5 % (62) 
of the snags available and were used only 1.82% (2). Pinus ayacahuite snags were 
only 6% (14) available, but were more used 11.8% (13) than available.
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Percentages o f snags > 40 cm dbh used and available by size categories.
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DISCUSSION
Activity in Nesting Areas
Lanning and Shiftlet (1983) published the only reproductive study of Thick­
billed Parrots in the wild 16 years ago, and it is encouraging to know that the primary 
two breeding areas reported then (Cebadillas and Madera) continue to be reproductive 
strongholds for the species. Cebadillas and Madera are the areas where the largest ag­
gregation of nests occurred then and today.
Thick-billed Parrot historically seem to have nested in mature and old growth 
forest at high elevations; they shared their habitat with the extinct Imperial Wood­
pecker (Campephilus imperialist. No large fragments of old growth forests remain at 
higher elevations today, and it caused the Imperial woodpecker’s extinction (Lammer- 
tink et al. 1996). Cebadillas and Madera, do not have the pristine conditions found in 
an old growth forests. But are the areas that have high densities o f large snags, pines, 
and firs.
The other areas where nesting activity was described in the eighties in north­
west Durango state (Mohinora, Vacas, Camellones and Nevado) no longer possess the 
necessary conditions for nesting because they have been severely logged in recent 
years and no nests were found in recent searches by Cruz-Nieto (1998) and Lammer- 
tink et al. (1996). High concentration o f nests in most of the historical areas in Du­
rango state is unlikely because of extremely degraded conditions o f the forests in those 
areas (Cruz-Nieto 1998). Nesting might persist in the scattered remaining large trees 
and snags on inaccessible canyons or slopes (Snyder et al. 1999).
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Some patches of relatively good forests remain near the historical breeding area 
o f Cocono, in northwest Durango and nesting activity was confirmed there in 1998 
when the area was explored. To determine the extent of current breeding, future ef­
forts should center in confirming breeding locations in northwest Durango in order to 
define the actual breeding distribution. The other historical breeding areas located in 
the state of Chihuahua besides Madera and Cebadillas were also examined for nesting 
activity. Of the areas described by Laninng and Shiftlet (1983), nesting activity was 
found only for Vallecillo.
Martjan Lammertink (1996) visited the other areas and could not find parrot 
nests, he mentioned that the areas were severely logged, and he could find only a few 
small snags that were unsuitable for parrot nesting. We found no large parrot nesting 
areas and the existence o f other areas is unlikely for the following reasons. The over­
all area at the proper elevation range (2200 m and above) is relatively limited and is 
restricted to the highest elevations in the mountain range. Most of these high elevation 
areas within the historical breeding range reported were explored by Cruz-Nieto 
(1998), Lammertink et al. (1996) or us and few suitable unexplored areas remain.
Reports of nesting parrots in scattered trees in low elevation canyons most o f 
the time were reports of other parrot species (Cruz-Nieto 1998). We only searched 
areas where there was high probability of finding concentration o f nests. We could not 
dedicate time and personal to check every scattered large tree or snag, especially those 
at elevations below 2000 m. We found nesting activity in areas o f intensive logging 
and harvesting o f trees at Vallecillo and San Juanito.
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Some undiscovered breeding areas similar to Vallecillo or San Juanito may 
exist because scattered trees and snags still remain. Some of them may have suitable 
cavities and be located at high elevation.
Of the 317 nesting pairs observed, 284 (89%) reached incubation stage. This is 
a relatively large proportion compared to most Neotropical Amazon parrots like the 
Puerto Rican Parrot (Amazona vittata) in which 33-50% of the pairs fail to lay eggs 
(Snyder et al. 1987). In larger Macaw species, Munn (1992) observed many pairs o f 
non-breeding macaws (Ara arauna and Ara chloroptera) visiting active nest sites and 
estimated that only 10% to 20% attempted to breed in any year.
Nesting activity varied among years. The years with the highest nesting activ­
ity in most areas were 1997 and 1998 (Appendices 1 to 6). Similar high levels o f 
breeding activity were observed in 1997 for the Maroon-fronted Parrot (Macias- 
Caballero 1998). The year that had the lowest number o f nesting pairs was 1999 (Ap­
pendices 1 to 6). A similar reduction in reproductive activity was documented for the 
Maroon-fronted Parrot in 1999 when less than 25% of the numbers of breeding pairs 
observed in 1997 attempted to nest (Macias-Caballero Pers. comm). Large-scale 
drought and forest fires that occurred in 1999 we assume probably affected both spe­
cies similarly.
The reduction in the number of nesting pairs from 1998 to 1999 in Thick-billed 
Parrot may be attributed to high winter mortality in the Sierra Madre because o f a high 
occurrence o f forest fires there in 1998. During this year, a total of 540,859 ha. o f  for­
ests were affected by fires (SEMARNAP:http.//www.Semamap.gob.mx ). The south­
ern portions o f the Sierra Madre were particularly affected.
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Thick-billed Parrots commonly visit these areas during winter (Snyder et al.
1999). In addition, food supply in pine forests is unpredictable and even the most 
regular cone-producing species fail occasionally (Benkman 1993).
The combination of forest fires and seed crop failures or either alone could re­
duce food availability and increase mortality and stress of the parrots. No information 
exists about the conditions of food supply in the wintering areas in any year. In addi­
tion, the high elevation conifer forests in the states of Colima, Michoacan and Jalisco 
(wintering areas) are suffering heavy logging and reduction in food availability could 
be expected as those forests are logged, fragmented and reduced (Perry 1991).
A second not-mutually exclusive explanation for the low number o f nesting 
pairs in 1999 could be cone failure in the known breeding areas. During the 1997- 
1998 seasons I observed foraging flocks close to nesting trees, and feeding observa­
tions within a radius o f few kilometers were common in the main breeding areas. In 
contrast, during 1999 foraging flocks were not observed near nesting sites; flocks flew 
outside our observation range. We have no data on food availability but, most parrot 
species in tropical America are granivorous (Enkerlin-Hoefflich 1995) and tend to 
follow seed resources, the availability o f  which is spatially and temporally variable 
(Gildardi and Munn 1998). Geographical and temporal variation in abundance is also 
observed in seed crops o f conifers (Benkman 1993); years of low cone availability at 
any location would influence the nesting behavior of Thick-billed Parrots there.
The species is known to be nomadic during the winter and it moves continu­
ously from depleted food areas to areas with abundant food supply (Snyder et al. 1999). 
If food abundance is low locally in the breeding areas, then potential breeders may
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seek other suitable areas. If alternative areas are not found, some o f  the parrots may 
not breed in years o f low food availability. We did not observe an increased number 
of non-breeders, so there was high winter mortality or the parrots moved to other ar­
eas. Another explanation is that flocking is response to relatively large food supply. 
When food supply is low, flocks are reduced; the parrots disperse and become less 
conspicuous.
Productivity and Success by Year
Most o f the reproductive parameters we found are quite similar to those re­
ported by Lanning and Shiftlet (1983). Timing o f breeding varied from year to year, 
but in general was similar to that previously reported in the literature. The average 
clutch size was slightly smaller in our study 2.73 versus the 2.9 reported in the past. 
Clutch size in general is slightly lower than Neotropical parrots o f relatively similar 
body mass (Enkerlin-Hoefflich 1995). Mean clutch size of Amazona leucocephala. is 
3.6 (Gnam and Rockwell 1992). Amazona vittata is 3 and Amazona ventralis it is 2.8 
(Snyder et al. 1987). Other life history traits of this species include only one brood per 
year, hatching asynchrony, a relatively long nestling period of 56.6 days, and low nest 
predation.
These traits match the typical patterns described for altricial birds and secon­
dary cavity nesters (Martin 1995 and Martin and Li 1992). These traits may be ad­
vantageous because the species feeds on seeds which availability is cyclical and some­
times unpredictable. No information exists about food availability and how it relates 
to parrot nesting activity and reproduction.
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However the life history traits o f the species allow it to have a high reproduc­
tive performance during years of abundant food supply in the breeding areas, produc­
ing more young during those years that somehow compensate the for the reduced re­
productive output in years o f cone crop failure.
Nesting success in Neotropical Psittacidae range from a low 42% in Amazona 
leucocephala bahamensis (Gnam and Rockwell 1992) to a high 82% in Amazona 
vetralis (Snyder et al. 1987). A 66% nesting success was reported in a South Ameri­
can macaw, Ara chloroptera (Munn 1992). In Thick-billed Parrots total nest losses 
were not common and 81.6% nesting success is clearly higher than most studied par­
rots. The rates o f nesting success in Thick-billed Parrots were similar to the levels ob­
served in excavator cavity nesters in temperate forests of Arizona, with several wood­
pecker species having rates ranging from 69.3% to 100 % (Martin and Li 1992). 
Rowley and Chapman (1991) reported that pink cockatoos had a nesting success of 
83.6%; and this rate was considered high when it compared to other cockatoo species. 
However, Thick-billed Parrot high success rates were not constant and the variation 
observed may relate to food availability in the breeding areas. With high success rates 
in years of abundant food supply and low rates in years with limited food supply.
At Cebadillas there were enough nests to evaluate year to year fluctuations. In 
1999 the success rates for nesting (36.3%), and fledging (27%) were the lowest ob­
served in all the years o f study. These rates were very different from the rates ob­
served in 1997 and 1998. Thick-billed Parrot seems to have high variation in success 
rates among years. The variation observed may relate to food availability in the 
breeding areas.
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With high success rates in years o f abundant food supply and low rates in years 
with limited food supply. In addition to the food shortage described, previously unre­
ported parasite outbreaks were a contributing factor o f chick mortality in nests for the 
year 1999.
Parasites can reduce the breeding success o f birds by lowering body condition 
and survival o f  chicks and they may result in increased nest desertions (Newton 1998). 
Parasitism is the price that many hole nesters pay for safety from nest predators. Some 
ectoparasites can survive for months or even years in sheltered nest-sites; the parasites 
resume breeding when birds reuse the cavity (Newton 1998). In a habitat with de­
creasing availability o f cavities for nesting, an increase in reuse o f cavities and occur­
rences of parasite outbreaks could be expected. The amount of reused cavities seem to 
be different today than in the past. Although no test were run to compare because o f 
the reduced data provided by the studies of the 80’s, Lanning and Shiftlet (1983) re­
ported only one case o f a re-use o f a cavity in a subsequent year. They re-examined 12 
nesting cavities from 1979 to 1980 and 8 cavities remained in good condition. Appar­
ently abundance o f unused cavities was high and reuse was not necessary. Cavity 
availability today is decreasing and reuse o f cavities is increasing because o f low 
availability o f unused cavities. The increased reuse could result in parasite outbreaks.
The combination o f chicks weakened by reduced food and heavier parasite 
loads could have caused the high mortality observed in 1999. Most o f the chicks died 
(11) the first week after hatching, when the parrot chicks were unable to survive pro­
longed periods without food and abundant parasites. These factors added to other 
mortality causes like predation increased the mortality o f chicks for 1999.
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I had postulated an explanation for low success in 1999. If low success is due 
to temporary failure of food supply, success should increase with recovery o f cyclical 
food supply. The number o f nesting pairs may also increase.
It is important to continue the study to determine success and thus understand 
the cause of 1999 low number o f breeders and reproductive failure. Attempts should 
be made to document food supply related to parrot breeding activity. We must deter­
mine if the low success continues or is cyclical and nesting success rates return to the 
levels observed previously in 1998 and 1997. Monitoring o f nesting success of the 
species must continue.
Productivity and Success by Area
We can see that high levels o f nesting success characterized the species in 
every nesting area studied most of the years. Even the logged areas (Vallecillo and 
San Juanito) had good success rates in good years. The nesting success observed in 
most nesting areas seem to be high when compared to other parrot species (Munn 
1992). However, Piceas the most pristine area had the lowest nesting success and 
highest nest predation and abandonment. Total losses were extremely high in Piceas 
compared to areas with similar number of clutches. In this area 36 eggs were laid and 
21 hatched (58.3%). This was the lowest hatching success for any area. This area had 
also the lowest average number of fledglings (1/nest), while neighboring Cebadillas 
fledged 2.17 chicks per nest. Nesting parrots from Piceas and Cebadillas joined to­
gether in foraging flocks and apparently food availability if not identical was similar 
for parrots o f the two areas.
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Differences between these areas in the survival o f hatchlings cannot be attrib­
uted to differences in food availability, but to differences in predation and nest aban­
donment. Piceas with the more pristine habitat conditions probably has more mammal 
predators and the high density of large trees may favor Goshawk (Accipiter gentilis) 
predation on adult parrots. Goshawk hunting behavior relies on low elevation flight 
just above the canopy. They are difficult to detect as they approach, if  the canopy is 
extensive comm).
Productivity and Success by Clutch Size
Most fledglings per nest occurred in four-egg clutches. We observed 2.1 
hatchlings in this clutch size. In contrast, in the more common clutch sizes o f two and 
three, there were 1.44 and 1.72 hatchlings per nest, respectively. However, four-egg 
clutches were not common and only occurred in 8.1% of the clutches. The most 
common clutch size was 3 egg with 56.1% o f the clutches and the second most com­
mon was 2 egg clutches with 30.9%. I assumed that producing four eggs may present 
an excessive energetic demand for the nesting female.
According to the brood reduction theory, birds cope with environmental un­
certainties about the maximum number o f young a pair can raise in any particular year, 
by laying the number of eggs that could be successful in a good year (O’Connor 1978). 
What is called the “brood reduction theory” seems to occur most in altricial birds 
where clutch size is also limited by the parents ability to nourish young, and it is ac­
companied by asynchronous hatching where a feeding hierarchy can be established 
based on age and size of young (Slagsvold 1990).
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Asynchronous hatching and altricial chicks are life history characteristics o f the 
Thick-billed Parrot and may be advantageous with the unpredictable food supply of 
the high elevation conifer forests where it lives.
Characteristics o f Nesting Trees and Habitat
Differences were found in the relative proportions o f nest trees by species, used 
in the past and in this study. In the study o f Lanning and Shiftlet (1983), a high pro­
portion of nests occurred in pines, either as snags or as live trees. Douglas fir was pre­
sent but was rarely used. Today, pines are still important nest sites, but a reduction in 
use was evident. On the other hand, Douglas fir now is used for a high proportion of 
nests, either as snags or as live trees. The reasons o f the reduction in use o f pine trees 
as nest sites may be related to the decreasing availability o f large pines in high eleva­
tion forests (Lanning and Shiftlet 1983). In the past, large proportions of the high ele­
vation forests contained large and old trees and snags (Lammertink et al 1996, Perry 
1991, and Rzedowski 1978) and more were available. With a higher proportion of 
large pines available in the past, pines were preferred for nesting by the Thick-billed 
Parrots. The reasons for a preference for pines is still unknown. The resinous systems 
that are used by pines to fight insect pests may benefit the nesting parrots by reducing 
the risk of parasitic outbreaks because of the toxicity to insect larvae (De Groot and 
Turgeon 1998). In addition pines have a tendency to be infected either by mistletoe 
(Sinclair et al. 1987) or stem rot (Harrington and Wingfield 1998). Fungi infections 
soften the wood and facilitate cavity formation. Nesting in pines with stem rot infec­
tions is common in birds. The Red-cockaded Woodpecker (Picoides borealis) is 
known to nest in trees with rot infections (Hooper et al. 1991).
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Pine snags take long time to decay and may be available for a relatively long 
time (Martinez 1992). The reasons for the limited use of Douglas fir as nest sites in 
the past are still not clear. Historically, Douglas fir was present at high densities in the 
breeding areas (Lanning and Shiftlet 1983) and was available for nesting. Douglas fir 
trees or snags may decay faster and have insufficient permeability; their cavities may 
be more subjected to parasite outbreaks.
Because pine trees are harvested and are not left now to age and decay, snag 
recruitment from pines has been reduced. The only nest site option in snags or trees in 
the logged areas is Douglas fir. However, Douglas fir is restricted in distribution to 
areas o f high humidity (Rzedowski 1978). Even though there is a prohibition on har­
vesting Douglas fir, in many areas it is removed illegally. With no pine snag recruit­
ment and Douglas fir limited and increasingly harvested, nesting sites may become an 
additional limiting factor for the Thick-billed Parrot in many areas.
Differences in nest site use among areas were observed as well. In areas with 
intensive logging, any nests occurred in the largest trees available, mostly Douglas fir 
as in San Juanito. In contrast, areas without logging had many nests in large snags and 
live pines. Aspen snags and trees were also used. The use of aspen trees as nest sites 
is not unusual. Scott and Patton (1975) mentioned the aspen as a tree used for cavity 
nesting birds frequently in high elevation forests in Arizona. In our study, large aspen 
trees and snags were not found anywhere but Madera. Although no particular com­
mercial interest exists in harvesting aspen, its use by parrots for nesting is not an op­
tion because usually aspen trees are too small for parrot nesting.
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Nest site losses also differed among the areas. Areas heavily logged lost 32% 
of the documented nest sites during this study; in areas that have no logging, only 11% 
of nest sites were lost. The annual rate o f nest site loss by area in the logged forests 
was 3.2% and the rate in non-harvested forests was 0.85%. Most o f the nest losses in 
managed areas were attributed to logging, while the losses in non-managed forests 
were attributed to wind and winter snow.
In terms o f size, a trend toward the use o f large sizes by the parrots was ob­
served. During our study, only two nests were in trees or snags smaller than 40 cm 
dbh. The advantage for using trees and snags among the largest available in every lo­
cality are the following. Large snags are less likely to fall, remain standing longer pe­
riods of time, offer larger and better insulated cavities and are more secure from 
predators (Newton 1994). Because parrots select large snags and trees for nesting and 
the number o f these are decreasing, all the remaining areas with available large trees 
and snags at elevation above 2100 m should be urgently protected. This is especially 
true if the areas have trees of the proper sizes to provide snag recruitment in the future. 
Habitat is a term difficult to define for any bird species and this is true for the Thick­
billed Parrot. Habitat definitions are often vague and have ranged from how species 
are associated with broad, landscape-scale vegetation types, to very detailed descrip­
tions of immediate physical environments (Newton 1998). A basic working definition 
for habitat use could be the manner in which a species uses a collection o f environ­
mental components to meet life requisites. Habitat use can be considered in a general 
sense or can be broken into specific needs such as foraging, nesting or roosting (Block 
and Brennan 1993).
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In the case of the Thick-billed Parrot, every nesting locality was a mosaic o f 
habitats from a large-scale perspective and these mosaics varied from locality to local­
ity. Conditions among nesting areas and within entire regions are different because 
every area had different management, and fire regimes (Fule and Covington 1997) as 
well as different elevations, soils etc. Most parrots fly over large areas in a given day, 
and their habitat selection operates at different scales (Gildardi and Munn 1998). The 
Thick-billed parrot is like most parrot species; different activities occurred in different 
habitats.
In the major breeding areas (Cebadillas, Madera and Piceas), nests were lo­
cated in stands with high densities o f  large trees, usually uneven-age stands with high 
number o f large pines and snags. High densities of large snags that included pine 
snags were among the most relevant features observed. Usually, high density o f large 
snags and trees occur in late succession stages of conifer forests. From the species 
composition stand point; these nesting areas had large stands of pines of the following 
species: P.ayacahuite, P. durangensis, P.engelmannii and P. arizonica. Douglas fir 
was also dense, with highest basal areas in Piceas and Cebadillas. Basal areas of every 
tree species in these localities were greater than in the logged areas of Vallecillo and 
San Juanito. In the logged areas, the nests found occurred in isolated emergent live 
trees or snags, usually Douglas fir. Low density and basal area o f large tree species 
was common in these forests. The only large trees left in logged areas are Douglas fir 
and oaks. Snags in logged areas were scarce and those remaining were very small for 
parrot nesting, and usually no pine snags were observed. In general, Thick-billed par­
rot nested in a variety of habitats from the structural point o f view; this is similar to the
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situation observed in Amazon parrots (Enkerlin-Hoefflich 1995). Location ofThick- 
billed parrot nests varied from patches o f  forests with high densities o f large trees and 
snags (Piceas) to heavily logged areas with low densities o f large trees and snags (San 
Juanito). Another endangered endemic cavity nester species seem to be more habitat 
specific as the Mexican Spotted Owl (Seamans and Gutierrez 1995). Another en­
demic, the Eared Trogon (Euptilotis neoxenus), shares some o f  the nesting areas with 
the Thick-billed parrot. When large snags break and become softer Trogons use those 
cavities for nesting. Preserving the habitat for the Thick-billed Parrot will not only 
save habitat for the Eared Trogon, but will provide habitat for many more nesting spe­
cies o f mammals and birds.
One characteristic that all nesting areas had in common was the high elevation 
reported in the literature. All nesting localities were at elevations from 2200 m, with 
the lowest nest occurring in Mesa de Guacamayas at 2210 m. The breeding habitat 
reported in the past with respect to elevation has not changed and continues to be at 
the highest elevations found in the mountain range. The reasons for high-elevation 
nesting is still not clear but they are not directly related to be the potential nest trees 
and snags available because these are available at elevations well under 2000 m (Sny­
der etal. 1999).
Three, major reasons are commonly hypothesized: (1). The distribution at 
high elevation of major pine seed producers (Cruz-Nieto 1998). (2) Lower nest preda­
tion at high elevations. (3) The lower competition for nest sites at high elevation.
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Four major pine seed producers are commonly found in the breeding areas.
The species are P. ayacahuite, P durangenisis, P. arizonica and P.engelmannii. These 
species produce large and abundant seeds (Perry 1991).
In addition, these pine species grow in large stands at high elevation and most 
have mature seeds during the fall (Martinez 1992), months in which parrot chicks 
fledge. Most o f the pine species found at high elevation share the characteristic o f rip­
ening in the fall and some species retain the seeds for a few months (Perry 1991).
Cycles o f seed production in these species occur with peaks in cone production 
each 3 to 4 years. These cycles differ for every species and there is the probability o f 
synchronous crop failure. This may help to explain the fluctuations in nesting success 
of the parrots. Nest success would be poor in years of crop failure. Most of these pine 
species are also distributed also at lower elevations 2000 m, and probably their pres­
ence at high elevation is not the only factor contributing to high elevation nesting.
A second factor that may influence nest site selection at high elevations is nest 
predation. Nest predation is known to act together with food limitations and may in­
fluence life history traits (Martin 1995). The predation observed in Thick-billed Parrot 
in most areas is considerably lower than in most tropical birds, whose nests are pre­
dated by snakes and mammals (Skutch 1985). No arboreal snakes occur in the high 
elevation pine forests, and mammalian predators occur at lower densities and are less 
diverse than in tropical and lower elevation environments where Marsupials,
Mustelids, and Monkeys are important egg consumers (Arita et al 1990, Skutch 1985). 
No historical predation rate information exists. In this study Piceas had higher preda­
tion rates than other areas. Because Piceas was the only undisturbed area, predation
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rates could have been higher in the past than today. Forest disturbance and excesive 
hunting of mammals may reduce potential predation. Snag densities in the high tem­
perate forests are higher than in the lower tropical environments (Gibbs et al. 1993). 
The historically rather high snag availability in the high elevation temperate forests is 
advantageous for the Thick-billed Parrot. Competition for nest sites at this elevation is 
lower because more potential secondary cavity nestrs exist at lower elevation.
Limiting Factors
With a high nesting success and average number o f fledglings produced per 
nesting pair, Thick-billed parrots do not seem to have reproduction problems during 
most years. We do not know how constant those rates are because we also docu­
mented a year with very low success rates. Because no information exists about suc­
cess rates in the past, we cannot tell wether this is a regular occurrence. Probably the 
good success rates observed in most years may compensate for a low winter survival 
and low success rates o f years with low seed crop. Parrot numbers are believed to be 
in decline by a consensus of the conservation community (Snyder et al. 1999). The 
potential reasons for the decline are related to parrot survival and the continuing loss 
of nesting and wintering habitat. Food has long been considered a primary influence 
on demography o f birds (Lack 1948). Benkman (1993) established that as the age and 
area of conifer forest decline, decreased seed production and increased frequencies of 
cone failures could be expected. Thus, as habitat is reduced, food supply becomes 
more unpredictable and winter mortality become more prevalent. The Thick-billed 
Parrot is specialist on pine seeds; its social and nomadic behavior and its life history 
traits are evidence of adaptation to fluctuating food supply.
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Imminent Threats for Thick-billed Parrot
Many Psittacidae, like the Thick-billed Parrot, are secondary cavity nesters and 
require large old trees and snags in which to nest, even small parrots need large trees 
for nesting (Mawson and Long 1994). In the Neotropics the majority o f threatened 
parrots (cavity nesters) occur in regions where the destruction and fragmentation o f  
natural vegetation is severe. In the Neotropics, 52 out of a total of 140 species o f par­
rots are considered endangered (Beissinger and Snyder 1992).
Deforestation and habitat loss are responsible for the problem (Collar and Ju­
niper 1992). Although the Thick-billed Parrot is used in the pet trade, the most immi­
nent threat comes from large-scale habitat loss. Forestry practices in Mexico involve 
the cutting o f  all trees over 40 cm dbh, the removal o f snags, in some areas up to 70 %, 
and fires suppression, which increase the risks of catastrophic fires (Fule and 
Covington 1997). We still do not know the extent to which the reduction of age in the 
forests affects food supply, but the limitation in nest sites may reduce the probabilities 
for nesting in areas with a food supply when food crop is low in the known nesting 
areas. Trends in the abundance o f  the species are still difficult to assess. Its nomadic 
behavior during the winter makes it difficult to assess their numbers. Most key factors 
such as the proportion of the pairs breeding, survival of the different age classes, food 
availability, and predation or social aspects that may affect tendencies to increase or 
decrease are still unknown. In the case o f most parrots, few reliable demographic data 
currently exist because of the inherent difficulties of studying demography of parrots 
(Beissinger and Butcher 1992). Ultimate reasons of the parrot decline may well be the 
large-scale fragmentation, reduction, and impoverishment o f  the forests.
68
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The proximate reasons for the decline may be starvation and predation in the 
winter or breeding areas or both. The low rates o f success for the species in a given 
year may be the result o f a combination of cone crop failure in the breeding and win­
tering areas and the extent o f habitat loss. Crop failures in the wintering area may be 
reflected in a low number of breeding pairs in the following nesting season. While 
cone crop failure in the breeding areas may be reflected in a low number of breeding 
pairs and a reduced number o f young produced per nest.
Central Mexico is densely populated and high elevation conifer forests in the 
historical wintering areas (Jalisco, Colima and Michoacan) are disappearing (Perry 
1991) and probably are in more jeopardy than the known breeding areas. 
Recommendations
(1) Forests with high densities o f Pinus ayacahuite, Pinus montezumae and 
Pinus michoacana which ripens in the months of December and January in the win­
tering range (Martinez 1992), should be protected at higher elevations. In addition to 
protecting these major seed producers, additional protection should be considered for 
areas with high densities o f Pinus oocarpa along the Sierra Madre and also in the 
wintering range. Pinus oocarpa produce cones that ripen from November to January 
and remain closed for long periods o f time (Perry 1991). This species has a large 
north-south range in Mexico and form important stands o f  large trees in central Mex­
ico. In addition, this species grow under a variety of environmental conditions that 
range from dry-temperate to humid subtropical. This species may be an important 
food source for the Thick-billed parrot in times of cone crop failure in open cone
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species because P. oocarpa retain the mature seed for long periods o f time after rip­
ening and the parrots can utilize them.
(2) Establish official protection o f breeding strongholds and enforce a new 
forestry law that require the retention o f a minimum of 5 large snags (60 to 80 cm dbh) 
per hectare as well as to continue the actual prohibition of Douglas fir 
commercialization. The actual major breeding areas o f Cebadillas, Piceas and Madera 
should be designated protected areas, and no logging should be allowed there. Such 
areas have a relatively high number of large trees that may serve as nest sites in the 
short term. In addition, the areas have large number of snags that are important as 
actual nest sites for the species and all the existing snags may be very important to 
maintain the actual number of parrots in the area.
(3) The amount of old growth and mature forests should be increased along 
the entire Sierra Madre because these forests provide more large snags and their trees 
produce more seeds (food) than young stands (Benkman 1993). Few areas of old- 
growth forests persist (1% estimations by Lammertink et al. 1996), and it is important 
to preserve these remaining areas. Managed areas with large trees at elevations above 
2100 m should have at least 12 large (60 to 80-cm dbh) trees/ha, densities of large 
snags found in non-managed areas (Newton 1998).
(4) To preserve the food supply, we should ban the harvesting of P. 
ayacahuite, which is the less commercial pine species at elevations above 2000 m. In 
actual harvesting practices, trees over 40-cm dbh are cut and not allowed to mature 
and decay. A density of trees (between 12 to 23 trees >60 cm dbh) similar to densities 
found in the nesting areas, should be provided in the historical distribution at higher
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elevations. Managed areas should leave mature trees and seed trees in an effort to 
increase the proportion of large producing seed trees and future snags in a large scale 
level.
(5) For better management o f the nesting areas, information about location o f 
nests and forest conditionsshould be integrated into Geographic Information System 
(GIS). The analysis of updated aerial photography and satellite images may improve 
the existing information about forest conditions in the breeding and wintering areas. 
This information should be included into the GIS. If efforts to preserve the breeding 
areas progress by the creation o f a network o f protected areas for the parrots and wild­
life in general, the management of the areas should be helped with the use o f remote 
sensing and GIS.
(6) The Thick-billed Parrot status as an endangered species should continue 
until factors for the parrot decline are fully understood and recovery in numbers is ob­
served. Probably the historical large flocks observed in the past will be never seen 
again, but the parrot may persist if the forested areas are properly protected and man­
aged.
Concluding Remarks
Thick-billed Parrots do not seem to have reproduction problems at the current 
breeding areas in most years. Clearly Thick-billed Parrots do not require old growth 
forests exclusively for nesting. They do require large trees or snags for nesting and 
larege trees produce more seeds and are more benefitial for feeding. These are now- 
found in very few areas.
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The decline of the species may be primarily due to habitat loss. Unreliable 
food supplies in the wintering areas, breeding areas or both may now be a problem in 
the remaining areas.
A recovery plan for the species it’s under development with assistance from 
participating land owners, government officials and academic groups. For the recov­
ery, information on parasite outbreaks and the re-use of cavities is needed; mecha­
nisms to preserve the nesting habitat and restore the degraded areas must be found.
Where cavity availability is minimal, artificial nests may be placed and their 
use and suitability should be evaluated. Additional research on food availability in 
nesting and wintering areas and how it relates to success rates and reproduction should 
start soon. In addition, information about the forests conditions in the historical win­
tering areas are needed in order to have a better understanding o f the causes o f  the spe­
cies decline.
The research on the key factors regulating parrot abundance, productivity and 
survival should continue. If protected areas are designated, protection of breeding 
habitat and food supply may both be required. Finally, the establishment o f a network 
o f protected areas in the entire Sierra Madre should be considered not only to protect 
breeding habitat but to preserve food supply in the wintering areas as a strategy to pre­
serve the Thick-billed Parrot and the associated bird communities in high elevation 
forests o f the Sierra Madre Occidental.
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APPENDIX
SUMMARY DATA ON THE NESTING ACTIVITY 
BY AREA AND YEAR
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Nesting Activity at San Juanito, by Year.____________________________________
Category 1995 1996 1997 1998 1999
Active pairs 17 13 4 6 6
Active nests2 12 8 4 6 6
Accessible nests3 9 3 3 6 5
Accessible successful 7 3 2 5 3
Accessible unsuccessful 2 0 1 1 2
Inaccessible nests 3 5 1 0 1
Inaccessible hatched chicks4 3 3 0 0 0
Inaccessible not hatched 0 2 1 0 1
Nesting trees found inactive5 0 3 3 3 4
Roosting 5 5 0 0 0
Nests reviewed previous years6 0 13 13 9 10
New trees with active pairs7 17 4 0 2 0
Nesting trees destroyed 0 1 5 0 0
Nesting trees reused8 0 9 4 4 6
Cumulative nesting trees found9 17 21 21 23 23
Cumulative nests destroyed 0 1 6 6 6
Active pairs: those active in the pre-laying stage and associated to a nesting tree.
2 Active nests those reaching incubation stage.
3 Accessible nests, those which could be reached and their content studied.
4 Inaccessible nests that hatched young but we could not verify if produced fledglings.
5 Inactive trees, those active previous seasons and not active in that particular season.
6 Revisited nests from previous seasons.
7 Nesting trees with active pairs of unknown previous existence.
8 Nests reused form one season to the next.
9 Total number of trees found in all years o f the study.
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Nesting Activity at Cebadillas, by Year.
Category 1996 1997 1998 1999
Active pairs1 24 39 45 26
Active nests2 18 37 43 24
Accessible nests3 9 16 13 8
Accessible successful 7 14 12 4
Accessible unsuccessful 2 2 1 4
Inaccessible nests 9 21 30 16
Inaccessible hatched chicks4 6 16 21 9
Inaccessible not hatched 3 5 9 7
Nesting trees found inactive5 0 5 22 41
Roosting 6 2 2 0
Nests reviewed previous years6 0 24 43 68
New trees with active pairs7 24 24 26 8
Nesting trees destroyed 0 4 1 6
Nesting trees reused8 0 17 21 16
Cumulative nesting trees found9 24 48 74 82
Cumulative nests destroyed 0 4 5 11
1 Active pairs: those active in the pre-laying stage and associated to a nesting tree.
2 Active nests those reaching incubation stage.
3 Accessible nests, those which could be reached and their content studied.
i
Inaccessible nests that hatched young but we could not verify if produced fledglings.
5 Inactive trees, those active previous seasons and not active in that particular season.
6 Revisited nests from previous seasons.
7 Nesting trees with active pairs of unknown previous existence.
8 Nests reused form one season to the next.
9 Total number of trees found in all years of the study.
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Nesting Activity at Piceas, by Y ear.
Category 1996 1997 1998 1999
Active pairs1 3 15 15 13
Active nests2 2 15 15 12
Accessible nests3 1 5 6 3
Accessible successful 1 4 4 0
Accessible unsuccessful 0 1 2 3
Inaccessible nests 1 10 9 9
Inaccessible hatched chicks4 1 6 6 5
Inaccessible not hatched 0 4 3 4
Nesting trees found inactive5 0 0 2 8
Roosting 1 0 0 0
Nests reviewed previous years6 0 3 15 16
New trees with active pairs7 3 12 4 5
Nesting trees destroyed 0 0 3 2
Nesting trees reused8 0 3 10 8
Cumulative nesting trees found9 3 15 19 24
Cumulative nests destroyed
1 *  . . .
0 0 3 5
Active nests those reaching incubation stage.
Accessible nests, those which could be reached and their content studied. 
Inaccessible nests that hatched young but we could not verify if produced fledglings. 
Inactive trees, those active previous seasons and not active in that particular season.
6 Revisited nests from previous seasons.
Nesting trees with active pairs of unknown previous existence.
Nests reused form one season to the next.
Total number of trees found in all years o f the study.
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Nesting Activity at Vallecillo, by Year.
Category 1996 1997 1998 1999
Active pairs1 5 10 6 5
Active nests2 3 8 5 3
Accessible nests3 3 7 4 0
Accessible successful 3 6 4 0
Accessible unsuccessful 0 1 0 0
Inaccessible nests 0 1 1 3
Inaccessible hatched chicks4 0 1 0 2
Inaccessible not hatched 0 0 I 1
Nesting trees found inactive5 0 0 2 2
Roosting 2 2 1 2
Nests reviewed previous years6 0 5 10 8
New trees with active pairs7 5 6 0 0
Nesting trees destroyed 0 1 2 1
Nesting trees reused8 0 2 5 J
Cumulative nesting trees found9 5 11 11 11
Cumulative nests destroyed 0 1 3 4
1 Active pairs: those active in the pre--laying stage and associated to a nesting tree.
2 Active nests those reaching incubation stage.
3 Accessible nests, those which could be reached and their content studied.
4 Inaccessible nests that hatched young but we could not verify if produced fledglings.
5 Inactive trees, those active previous seasons and not active in that particular season.
6 Revisited nests from previous seasons.
7 Nesting trees with active pairs o f unknown previous existence.
8 Nests reused form one season to the next.
9 Total number of trees found in all years of the study.
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Nesting Activity at Mesa de Guacamayas, by Year.
Category ___________________________ 1997___________ 1998__________1999
Active pairs1 9 7 3
Active nests2 9 7 3
Accessible nests3 7 4 2
Accessible successful 7 4 2
Accessible unsuccessful 0 0 0
Inaccessible nests 2 3 1
Inaccessible hatched chicks4 2 1 1
Inaccessible not hatched 0 2 0
Nesting trees found inactive5 0 5 9
Roosting 0 0 0
Nests reviewed previous years6 0 9 12
New trees with active pairs7 9 3 3
Nesting trees destroyed 0 0 1
Nesting trees reused8 0 4 J
Cumulative nesting trees found9 9 12 15
Cumulative nests tree destroyed 0 0 1
Active pairs: those active in the pre-laying stage and associated to a nesting tree.
2 Active nests those reaching incubation stage.
3 Accessible nests, those which could be reached and their content studied.
4 Inaccessible nests that hatched young but we could not verify if produced fledglings.
5 Inactive trees, those active previous seasons and not active in that particular season.
6 Revisited nests from previous seasons.
7 Nesting trees with active pairs of unknown previous existence.
8 Nests reused form one season to the next.
9 Total number of trees found in all years of the study.
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Nesting Activity at Madera, by Year.
Category 1998 1999
Active pairs1 20 26
Active nests2 20 24
Accessible nests3 4 5
Accessible successful 3 5
Accessible unsuccessful 1 0
Inaccessible nests 16 19
Inaccessible hatched chicks4 10 13
Inaccessible not hatched 6 6
Nesting trees found inactive5 0 8
Roosting 0 0
Nests reviewed previous years6 0 20
New trees with active pairs7 20 14
Nesting trees destroyed 0 0
Nesting trees reused8 0 10
Cumulative nesting trees found9 20 34
Cumulative nest trees destroyed 0 0
1 Active pairs: those active in the pre-laying stage and associated to a nesting tree.
" Active nests those reaching incubation stage.
3 Accessible nests, those which could be reached and their content studied.
4 Inaccessible nests that hatched young but we could not verify if produced fledglings.
5 Inactive trees, those active previous seasons and not active in that particular season.
6 Revisited nests from previous seasons.
7 Nesting trees with active pairs o f unknown previous existence.
8 Nests reused form one season to the next.
9 Total number of trees found in all years o f the study.
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